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The following are a few from among the many recommendations of the work re- 
cowed by the Publishers :— 
New Yorr, Apri 5, 1856. 


Mr. Suaw,—Dear Sir,—Having used the new treatise on the Practice of Navigation 
at Sea, by Captain William Thoms, during ten passages across the Atlantic, 1 am of 
opinion that it is the most clear, simple, and practical work on the subject I have yet 
seen, containing all that is requisite to the navigator, without being encumbered with 
pages of useless matter. 

or the learner I consider it most especially desirable, for everything necessary 
for finding a ship’s place on the Ocean is so simply and clearly explained, and illustra- 
ted by diagrams, that it must clear the mist and doubts that so often hang over him. 

I am fully of opinion that this work will, in time, be duly appreciated, and generally 
adopted by our sea-faring’ community. Very respectfully, 


P. E. Le Frvre, Master Steamship Ariel. 


ooo 


New Yorx, December 26, 1855. 


Mr. R. L. Saaw,—Dear Sir,—Captain Eldridge, of the Steamship Pacific, in con- 
versation with me, after having used Thoms’ Practical Navigation, said: “The book 
recommends itself, publish it, it is sure to go.” 


Jas. H. Browntow, Zeacher of Navigation. 


New Yorx, Apri 5, 1856. 


Mr. Suaw,—Dear Sir,—Having used the work on Navigation published by Captain 
William Thoms, I can cheerfully recommend it to all those interested in navigation, in 
being the most simple and easy method of calculations. Yours, 


Tos. D. Ewan, Master of Steamship Southerner. 


Mr. R. L. Saaw,—I have used Thoms’ Navigator for several voyages, and prefer it 
to any other I have had before, and recommend it to all classes of navigators, being 
more explicit, and best adapted to the general practice of navigation at sea. 

: J. Westervett, Master of Schooner Peart. 

New York, Jlarch 12, 1856. : , 


New Yorx, Aprel 7, 1856. 


Mr. R. L. Suaw,—Dear Sir,—I have used Thoms’ Navigation for three voyages 
and prefer it to any others I have seen. 


Joun Harpy, Jlaster of Schooner D. Dawidson. 


‘ 


OPINION OF THE WORK, 


* 
From Men of Euperience. 


We, the undersigned, Captains of Ships, and others, having examined the 
Manuscript of a new Treatise on the Practice of Navigation, and Nautical 
Astronomy, by Capt. Wm. Tsoms, are of opinion that it is the most simple 
and practical work on the subject we have yet seen, especially for the learner, 
who will be greatly assisted in obtaining a knowledge of the Science by the 
numerous Diagrams which illustrate the subject, and is particularly adapted for 
Seamen, as it treats on those subjects only which have reference to the Ship’s 
Place on the Ocean, (or Navigation proper.) Many new problems have also 
been introduced, which will be found of much practical value to many Captains 
of Ships, who may not have had an opportunity of previously becoming acquainted 


with them. 


We are therefore of opinion, that if the work is published in its present 
style, it will be duly appreciated by our seafaring community, and would in 
time be extensively used by them throughout this large maritime country. 


Names. 


S. McKAY, 
THOMAS DIXON, 


EDWARD MURRAY, 


WM. BRAGDON, 
JOHN T. FRENCH, 
JOHN STRAKER, 

J. H. CASWELL, 
ISAAC LYNCH, 
WILLIAM P. JONES, 
GUNDER KRABEL, 


Vessels Attached to. 


GREAT REPUBLIC. 
Fe .ta. 
BALANCE. 

Buon. 

CoRNELIA. 
TELEGRAPH. 

S. AUSTIN. 

S. B. Srrone. 
KENSINGTON. 


Chief Mute. 


FRANCIS PATTERSON, “ 


JOHN W HOLMES, 
CHAS, ANDERSON, 
JAMES SAFFORD, 


R. DrW otFe. 
Mar. VINEYARD. 
HELENE. 


JOHN KIRKPATRICK, Mate. 


AND. ARMSTRONG, 
C. E. LUCAS, 

A. B. CLAUSSE, 
RICHARD LLOYD, 
A. P. FOSTER, 
JAMES W. TAYLOR, 
J. W. JEROLOMON, 
ALF. B. LOWBER, 
JOHN R. CAVARLY, 
JOSEPH C. DOWD, 
RICH’D. B. MORSE, 
HENRY W. DODGE, 
W. R. FOREMAN, 
MARTIN ALLEN, 
PET. BORGESTONE, 


Cora Liny, 
Mate. 

Sworp Fisqx. 
Gloucester, Mass. 
ADELA SWIFT. 
D. B. Warner. 
ALEXANDER Law. 
S. S. Ericsson. 
Am. EaGur. 

Wm. RatrHBone. 
-GrorGce Rayner. 
T. & P.Woop- 
OuIo. [ WARD. 
Rapip. 


H. W. Moncoure. 


Names. 
J. WILSON COMBY, 
WILLIAM HOWARD, 
VICTOR VIEROUS, 
CHARLES LIDBECK, 
WILLIAM DALY, 
JAMES NEWBERY, 
THOMAS McLEAVY, 
C. FERD. BROWN, 
G. DOUGHTY, 
JOS. G. WOODSIDE, 
FRED. WIELMANN, 
JOSEPH D. HUGHES, 
EDWARD MOORE, 
RUFUS BROWN, 
B. F. TAYDROR, 
LEWIS. E. JACKSON, 
WM. L. KEMPTON, 
B. FRANCIS, 
ZACHEUS KEMPTON, 
J. H. ROGERS, 
WILLIAM LYDDON, 
CHAS. E. MERRY, 
G. RICE, 
J. R. McDOUGALL, 
JOSHUA E. SMITH, 
M. NICHOLAS, 
JOHN MOONEY, 
PETER WIXEN, 
EDWARD ABEEL, 
CHAS. ANDERSON, 


et 


Vessels Attached to. 
CALHOUN. 

Lucy Warts. 
Hy Sa: 
ABRASIA. 

(GF AZELLE. 
JASPER. 

Mary Morris. 
FE. Bu.xuey. 
ANSTISS. 
ConTEST. 
VULTURE. 
Uranus. 
AUGUSTA. 
Moneo.ta. 
Anna Tir. 
HLoLiAnDeER. 

St. JosEepPyH. 
CATARACT, 
Horarto. 

S. B. Srrone. 
J. N. Coopsr. 
SKYLARK. 

B. N. Hawkins, 
Joun Srroup. 
Ann ExizasBeru. 
Unattached. 
GoverRNoR Brown 
Norra WInp. 
Isaac Wriaut. 
Sratrra Morr. 
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A NEW TREATISE 


ON THE 


PRACTICE OF NAVIGATION AT SHA. 


CONTAINING 


ALL THE DETAILS NECESSARY TO ENABLE THE MARINER TO BECOME 
A GOOD PRACTICAL NAVIGATOR. 


ILLUSTRATED BY A NEW MODE OF 


ENGRAVED DIAGRAMS AND FIGURES, 


DESIGNED WITH THE INTENTION OF MECHANICALLY INSTRUCTING THE LEARNER IN THE 
MEANING AND USE OF THE VARIOUS 


PROBLEMS IN NAVIGATION AND NAUTICAL ASTRONOMY, 


IN ROOM OF THE TEDIOUS SOLUTIONS OF GEOMETRY AND TRIGONOMETRY. THE USUAL 
TABLES ARE GIVEN WHICH ARE INDISPENSABLE IN A WORK OF THIS KIND, 
SOME OF WHICH ARE IMPROVED, AND NEW ONES INTRODUCED FOR 
THE FIRST TIME, WITH A VIEW OF SHORTENING THE 
LABOR OF COMPUTATION. 


THK WHOLE BEING 


EXPRESSLY ADAPTED FOR THE USE OF SEAMEN. 


F BY CAPTAIN WILLIAM THOMS 


FROM AN EXPERIENCE OF TWENTY-FIVE YEARS AS MASTER OF A MERCHANT VESSEL IN NEARLY 
ALL PARTS OF THE WORLD, AND NOW TEACHER OF PRACTICAL NAVIGATION AND 
NAUTICAL ASTRONOMY. 


FIFTH EDITION, 


NEW YORK: * 


PRINTED FOR THE AUTHOR. AND SOLD BY ROBERT L. SHAW, 


NAVIGATION WAREHOUSE, 222 WATER-STREET, AT THE AUTHOR’S NAUTICAL ACADEMY, 184 CHERR} 
STREET, AND AT ALL THE PRINCIPAL NAUTICAL BOOK-STORES IN NEW YORK, AND 
THROUGHOUT THE UNION. 


16 Od, 


CARD 
CATALOGUED, 


ENTERED according to Act of Congress, in the Year One Thousand hight Hundred and Fifty-Four, 
BY WILLIAM THOMS, | 


In the Clerk’s Office of the District Court of the United States for the Southern District of 
New York. 


- 
———_. en 


A. CUNNINGHAM, STEREOTYFER, 
No. 183 WititaM-STREET, N.Y. 


TO THE 
COMMANDERS, OFFICERS, AND SEAMEN, 


EMPLOYED IN THE 


MERCHANT MARINE OF THE UNITED STATES, 


Chis Volume, 


(THE FIRST ATTEMPT OF THE KIND BY A MEMBER OF THAT SERVICE,) 
IS RESPECTFULLY DEDICATED, 
BY 


. » THE AUTHOR 
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PREFACE. 


Tuis work is intended exclusively for the use of seamen, and has been compiled by the author * ae 


from an experience of more than twenty-five years, in the practice of navigating a ship at sea, in 


nearly all parts of the world. Consequently, a competent knowledge has been acquired, during ~ ran 


that period, of what is actually required to be known, in order to become an expert practical’ 
navigator. This work is, therefore, confined to the practice at sea; that is, navigation proper, or * 
that which has reference to the ship’s place on the ocean. | 

Thus knowing what is required, and also the distaste which seamen have for long and pains Pe 
calculations, | have endeavored to simplify the various rules and tables, and to strike out all 
unnecessary matter, which is not required, and in the room of which, introduced diagrams of the - 
various cases, which will convey mechanically the whole state of the case to the mind of the -- 
reader at once. 

The tedious and unprofitable solutions of geometry and triginometry are, therefore, abolished, 
together with the tables of the logarithms of numbers, which are never used at sea, even by those 
persons who have previously studied the subject, and who have eventually to fall back upon the 
method now used in this work: 

The sailings are therefore explained by diagrams, and worked out by inspection of the traverse | 
tables only, the same as we actually do at sea, and which is correct enough for all practica) 
purposes; thus relieving the learner from the embarrassment of having several methods given ° 
of doing the same thing. 

The names of the parts of the diagram are inserted against them, which makes it easier to 
comprehend the meaning of the case, and will be found an improvement. uiport the old system of 
marking them alphabetically for the purpose of reference. 

Every diagram in this work is drawn on. the same scale, that is, with the chord of 60°, taken 
from the plane scale, (and which is in general use on board ship.) Instructions are also given how 
to construct the diagrams, so that the learner may teach himself in a mechanical manner, and 
which will give him more insight into the nature of the problem than the study of geometry and 
trigonometry will. 

In Parallel and Middle Latitude Sailings, diagrams of semi-hemispheres are introduced, showing 
the contraction of the meridians towards the poles, and the comparative length of the degrees of | 
lougitude in the various parallels of latitude. And in Mereator’s Sailing, a diagram showing the 
meridians all parallel to each other, and the expansion of the degrees of latitude towards the poles. 

Current sailing is gone into at some length, and rules given as they are applied in the practice 
at sea, in this difficult branch of the study. 

Taking departures, or ascertaining the ship’s place by the bearing of the land, is introduced, 
and a table given to find the ship’s position by two bearings of the same object, having the course 
and distance sailed between them. ‘This will be found very useful to a ship coasting along shore, 
as her distance off shore can be easily found by the use of this table; and upon the same principle, 
her distance off shore may be ascertained by projecting the accompanying diagram. 
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The time of high water is found by the usual rules, and is only an approximation, Local tide 
table only can show the time of high water with any degree of certainty. The navigator will 
naturally consult those tables in preference to any general rule, where accuracy is required. 

A short account of the prevailing winds and currents in the various parts of the world are 
introduced, chiefly derived from my own experience, and will be found interesting and useful to 
the young navigator. 

The cause and effect of hurricanes are also explained in a short and familiar manner, and 
practical rules given to avoid their fatal effects, illustrated by diagrams of the storm circles in 
both North and South latitude, and which, by giving the subject a little attention, will be easily 
understood. ‘The rules given to avoid the focus, and the general handling of a ship, on approach- 
ing the verge of the storm circle, the falling of the barometer, etc., are also derived from my own 
experience, the facts having been recorded in the journals I have kept of many voyages, where 
they prevail. 

The usual rules are given for the construction of a general chart on Mercator’s projection, 
illustrated by a diagram chart of part of the North Atlantic Ocean. The use of it is explained, 
and a number of questions proposed, and the answers given, so as to enable the learner by himself 
to obtain a thorough knowledge of this most important subject. 

Rules are also given to construct a coasting chart on a large scale, illustrated by a diagram, and 
the use of it explained, under all the possible circumstances in which a ship may be placed, and 
questions and answers given in like manner, which will be found of much importance to the learner. 

The manner of sounding with the lead recommended, on a ship’s approaching the coast in thick 
weather, and the method of tracing out her track, by soundings, on the chart, when no observations 
of the heavenly bodies can be obtained, and will be found of much service to the young nayigator. 

Nautical astronomy is then introduced, containing the various methods of finding the ship’s 
place on the ocean from astronomical observations, and commences with a diagram of the solar 
system, showing the real state of the case, and the motion of the earth, and of those planets only 
which are used in navigation, round the sun. is 

Nautical astronomy is then defined, and diagrams of the sphere given, showing the case reversed 
and the earth is treated as.a mere speck in the centre of the universe, and all the heavenly bodies 
revolving round it, the spectator being supposed to be situated at an immense distance to the 
Eastward of it. 

These diagrams will be found of great importance in giving the learner a mechanical knowledge 
of the nature of the circles and angles supposed to be drawn in the heavens, and will show at once 
the meaning of the various terms used in nautical astronomy, and which any amount of descrip- 
tion would fail to do without them. The manner of constructing those diagrams, from the use of 
the plane scale, and the measuring of the various circles and angles, are also given, with the view 
of exercising the learner, and to impress the figure on his mind; and they are generally so 
arranged that the description is given on the page facing them. 

The projection of the heavens in two hemispheres, shows at once the nature of the right 
ascension and declination of the heavenly bodies, the sun’s path in the heavens, the signs of the 
zodiac, ete. 

And the diagram of motion round the pole will give a distinct idea of the movement of the 
hour angles of the heavenly bodies in an opposite direction to their movements in right ascension. 

As it is of much importance to seamen to be able to find the latitude from the meridian altitude 
of a star, | have introduced several diagrams, showing the nature of a meridian altitude, and how 
it may be computed, and also a new table, containing the meridian passages of those stars of the 
first magnitude which are generally used at sea, for every third day throughout the year, by which 
means a person otherwise unacquainted with the stars in the heavens may be enabled to find any 
star on the meridian without knowing it, and find his latitude thereby. 

The planets are also found by the same method, having the time they pass the meridian from the 
Nautical Almanac. 

Diagrams showing the effect of the dip of the horizon, refraction, and parallax, which is fully 
explained on the opposite page. 
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A diagram showing the manner of cbserving altitudes of the heavenly bodies and the nature of 
the correction for semi-diameter. 

The instruments of navigation and nautical astronomy are then explained, and the manner of 
reading off and adjusting them. 

The use of the quadrant for taking altitudes, and the sextant for measuring angular distances 
between the sun and the moon, or the moon and stars, are fully explained, together with a new 
method of causing the moon to measure her own distance from the sun or a star. 

The artificial horizon is explained, and a diagram showing the cause of the double reflection, 
this being a most useful instrument for rating a chronometer on shore, when the sea horizon is 
not visible. 

The use of the chronometer is now explained, and the various practical rules given for its 
management on board ships at sea, which will be found of great service to the young navigator. 

The azimuth compass is next explained, and the manner of taking azimuths and amplitudes, as 
practiced at sea. 

Then follow remarks on the action of the barometer and thermometer, derived from experience 
in the use of these instruments for the last twenty-five years. The action of the new or Aneroid 
Barometer is also explained. 

The sun being the most important of all the heavenly bodies on which observations are made, 
the manner of correcting his declination is first introduced, and the latitude deduced from his 
meridian altitude, illustrated by diagrams of all the various cases, which will give the learner a 
complete insight into the meaning and nature of finding the latitude, not only by the sun, but by 
the meridian altitude of any other heavenly body. 

Finding the latitude by an altitude of the sun out of the meridian, is then introduced, having 
the time from noon, or, which may be deduced from the Greenwich time by chronometer, and by 
the help of a new table for that purpose, a correction is found, which, added to the observed 
altitude, gives the meridian altitude. The latitude is then found in the usual manner. 

The latitude is also found by two altitudes of the sun, misnamed double altitudes, by a new 
method of using the hour angle of the lesser altitude, to which is applied the interval of time 
between the observations, corrected for the ship’s change of longitude in time, and the result is 
the inner hour angle, or the time from noon, at which the greater altitude was observed, it now 
becomes the same case as if only one altitude had been observed. This will be found a more direct 
and easier mode of solving the problem than by the old and tedious methods of double altitudes 
given in works of this kind. 

A method is also glven of finding the latitude by measuring the change of altitude of any of the 
heavenly bodies on the prime vertical in one minute of time; and this portion of altitude found 
in a table constructed for the purpose, will point out the latitude corresponding, within certain 
limits. 

The latitude by the meridian altitude of the moon is found in the usual manner, only it is much 
simplified by the introduction of a new table, containing the correction for the moon’s parallax in 
_ altitude, given in minutes and tenths of minutes, and taken out for the nearest degree of apparent 
altitude and the nearest minute of parallax, which is sufficiently near enough for all practical purposes. 
Because, if the Greenwich time be not accurately known, the moon’s declination cannot be found 
within ten times the amount of the difference between this table and the most rigorous method of 
finding this correction, a new table is also given to correct the moon’s declination to the Green 
wich date. 

The method of finding the planets on the meridian, and the latitude obtained from their meridian. 
altitude, also the mode of finding the stars on the meridian, further explained, with the manner of 
finding the latitude from their meridian altitudes fully explained, and which may be put in practice. 
by any person, otherwise unacquainted with the stars in the heavens, by simply following the direc- 
tions given in this work, The manner of finding the latitude by the meridian altitude of the pole 
star, both above and below the pole, and the usual table for finding the latitude by that. star, 
at any other time of the night, which has been constructed for this year, but will serve for several 
years hereafter. 
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A method of finding the correct latitude in the night time, when the forizon is often obscured 
and doubtful, by observing stars both North and South of the meridian, and can be practiced in 
either hemisphere, will be found of great use, from its extreme simplicity, as will also the finding 
of the latitude by the moon, planets, or stars out of the meridian. Jor instance, if the latitude 
is required to be known at twilight, (which is the best time for taking altitudes of the stars, the 
horizon being then distinctly visible,) it may happen that there are no stars on the meridian at 
that time. Now, if an altitude of a star, which is nearest to the meridian, be observed, and the 
apparent time of the observation noted, (as in the case of the sun,) the apparent time at ship may 
be deduced from the Greenwich time by chronometer, it is easy to find the star’s distance from 
the meridian, (which with the sun is the time from noon,) and is used in the tables in the same 
manner, by which means we obtain a correction to be added to the observed altitude of the star. 
Thence the meridian altitude is obtained and the latitude is found as correctly as if the meridian 
altitude had been actually observed. 

The finding the variation of the compass at sea by amplitudes and azimuths, is now introduced, 
illustrated by diagrams showing the real state of the case, and also why the variation is called 
easterly and westerly. ) 

Then follows a diagram showing the effect of local attraction on a ship’s compass, the manner 
of detecting the same, and the best means of remedying the error, and remarks on fixing up a 
standard compass, 

Diagrams showing the nature of hour angles, and the terms used in the computation, clearly 
explained, and the apparent time at ship found from a set of altitudes of the sun, the corresponding 
time being noted by a watch or chronometer, as is usually done at sea. ‘The time tables used in 
this work are simply the co-secants for degrees and minutes of the polar distance, the secants for 
the latitude, the co-sines of the half sum, and the sines of the difference or remainder. 

The apparent time from the preceding noon or midnight, in the case of the sun, or the hour 
angles of the other bodies, may be taken out at once from these tables. 

The logarithms in these tables are also used for other purposes in this work. The old standara 
tables of logarithms, sines, tangents, secants, etc., are not required. 

Finding the time at sunrise and sunset is illustrated by diagrams showing the nature of the 
case, and the degree of dependence to be placed thereon. 

The method of finding the apparent time at noon from equal altitudes of the sun, is also intro- 
duced, and is valuable from its extreme simplicity. — 

The finding the time on shore by the use of the artificial horizon. 

The mode of finding the time at sea by an altitude of the moon, planets, and stars, and also 
the manner of finding any particular planet or star in the heavens at any given time, when above 
the horizon; in like manner, the name of any star of the first magnitude, or planet, whose altitude 
has been observed, may be known. 

After thus having given all the various modes of finding the time at ship, the longitude by 
chronometer is then gone into, and every possible case is taken notice of and exemplified, first 
by the sun, in which the cases are all worked out in full, and every necessary correction fully 
explained, to which are added the practical rules as they are worked out at sca. A new table is 
here added, to correct the-Jongitude by chronometer, when the latitude used in computing the 
time at ship is proved to have been in error; thus saving the time and trouble of working it 
over again. 

The longitude by chronometer is found at sun rising and setting, and also from equal altitudes 
at noon, and from the altitudes of the moon, planets, and stars. The mode is also given of com- 
bining observations of two different bodies, with the view of finding both latitude and longitude 
by chronometer, at the same instant of time. 

Sumner’s method is now introduced, explained and exemplified, according to the mode I have 
been in the habit of using myself at sea, and illustrated by a diagram, showing its great utility 
und use to the navigator, when the ship is approaching land or a danger. 

The method of rating chronometers at sea, from time to time during the voyage, hen in sight 
of land, is fully explained and exemplified, and also when in port, either by the sea or by an* 
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artificial horizon. ‘This is worthy the attention of navigators who carry chronometers, from the 
fact that chronometers generally alter their rate after being received on board, and acquire what 
is termed a sea rate, and which is easily ascertained by the above method. 

In treating of lunar observations, diagrams have been introduced, showing the nature of the 
corrections required in clearing the lunar distance, and a case projected exhibiting the relative 
positions of the two bodies in the heavens, and the hour angle of one of them used in finding the 
time at ship. 

The various methods of observing and writing down this observation is given as practiced at 
sea, and distances exemplified in all the various cases, between the sun and moon, and between 
the moon and planets and stars. 

In clearing the lunar distance, one method only has been adopted, which is that by Lyons, and 
is nearly the same as that given in Thompson’s Tables, and which I have found from experience to 
be the most simple and easiest understood of any mode now in use, and is correct enough in 
practice. 

Much precision in clearing the lunar distance is not aimed at in this work, therefore many 
tedious corrections are omitted, which only tend to embarrass the navigator, and which are seldom 
applied in practice, and from the nature of errors in observing the distance itself, they do not 
seem to be required. 

The lunar observation in’ this work is therefore considered only as a means of detecting any 
very gross error in the longitude by chronometer, during a long voyage. 

A method is here also given. of finding the longitude by a lunar observation on shore, one 
altitude being observed in the artificial horizon, and the other computed. . 

I have also introduced a new method of my own, which I have often used at sea, which is that 
of finding the longitude by measuring the moon’s declination, illustrated by diagrams of the 
meridian altitudes of the moon and a star. The principle of this method is simply to observe the 
distance between the bodies on the meridian. Then the star’s declination being known, (taken 
from the almanac or table,) furnishes the moon’s declination. Or, the meridian altitudes of the 
_ bodies being observed, (though not necessarily on the meridian together,) the star’s declination 
applied to the difference of the altitudes, gives the moon’s declination. Now, where this declina- 
tion so measured is found in the nautical almanac, will give the Greenwich time. Then the dif. 
ference between this time and the mean time of the moon’s passing the meridian of the ship, is 
the longitude in time, ete. 

The method of working days works and keeping the ship’s reckoning at sea, adapted to the 
present age, is thoroughly explained and exemplified, and the various rules given in the first part 
of this work are now applied, as are also those in nautical astronomy, to find her position from 
celestial observations. 

The method of navigating a ship is now introduced, showing the mode of applying all the details 
which have been previously gone through, and many useful suggestions given, which have been 
derived from my own experience of a sea life, and will be found of service to the young navigator 
in times of peril and danger. 

Amongst which the rules given for avoiding a collision on ships meeting each other at sea, will 
be found of great importance, and should be thoroughly understood by every seaman. I have, 
therefore, put them into a practical shape. These rules are recognized by courts of Jaw in 
deciding cases of collision. 

The method of keeping a log-book is explained, and various remarks made thereon, exemplified 
by a harbor log, the manner of keeping the log at sea by civil time, and also in the usual mode 
by sea time. ‘The whole is then wound up by the journal of a voyage in a clipper ship, in which 
every ‘circumstance is noted in the log-book, as it would actually be done at sea, and showing the 
care and circumspection necessarily required in navigating a fast-sailing vessel, from the fret that 
an error in the course of such a vessel will produce an error in the dead reckoning, in one day’s 
run, of from two to three times the amount greater than what the same error in the course of a 


slow-sailing vessel would produce. 
- Many new tables have been introduced into this work, with the view of shortening the compu 
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tations, and they are so arranged as to be easily referred to in practice, the one following the other 
as they are required to be used at sea. 

The tables usually given in works of this kind are rejected, except those only which have a 
direct bearing upon the practice of navigation at sea. 

The tables containing the times of high water at full and change, the variation of the compass in 
nearly all parts of the world, deduced from actual observation at sea, and the very important one 
of the position of places, which is taken from the best English authorities on those subjects, in which 
the principal headlands, ports and islands only are given, with the view of enabling the navigator 
to verify his chronometer on sighting the land at any time during the voyage, or rating it while 
in port, the position of shoals, etc., are not given, the navigator will naturally look for 
information on this subject from his chart, which will furnish the most proper and correct 
delineation of their extent and position, which cannot be obtained from a table. 

From the foregoing prefatory remarks, it will be perceived that no very great amount of 
mathematical knowledge is required, beyond the common rules of arithmetic, to become a good 
practical navigator. 

Practical navigation does not, therefore, consist of a teaioile set of calculations, with a view of 
obtaining a very nice precision at any given time, but in the ¢act with which the navigator can 
single out and employ the heavenly bodies, in finding his ship’s position therefrom, either by day 
or by night, and by increasing the number of observations, serve as a check upon each other, and 
thus verify her position in short intervals of time, in the shortest and simplest manner possible, 
having a due regard at the same time to its general correctness; and which has been the aim 
of this work to accomplish. 

Having been engaged for some years in the instruction of seamen in navigation, I find that the 
chief difficulty lies in the fact that the generality of them cannot spare time sufficient on shore for the 
purpose of studying, and that they are obliged to pick up seraps of it here and there, as they best 
can, from whatever book falls in their way ; and not being able to discriminate between what is 
really useful in practice or otherwise, many of them form very erroneous ideas, in their laudable 
attempt at self-instruction. 

Therefore the chief inducement | had in writing this work, was to place it within their reach, 
divested of everything but what has a direct bearing on the practice at sea, whereby they might 
instruct themselves with greater ease than formerly, as it will lead them step by step from the 
lowest up to the highest branches of the science, and it embraces everything that is required to 
form a good practical navigator. 

Here | may remark, that the entire work has been computed and written by myself, from the 
observations and memoranda contained in the journals of many voyages I have made to nearly 
all parts of the world, the examples having been reduced tothe present year of 1854, for the sake 
of uniformity ; and to accommodate those persons who may not have an almanac for that year at 
hand, | have added a table of extracts from the Nautical Almanac, containing the data for working 
the examples. 

Seamen will please to bear in mind that the work has been written by one of themselves, and 
with a sincere desire for their improvement and instruction, and should it meet with their approval, 
(equal to the amount of labor bestowed on it,) would leave nothing more to be desired. 

And, without meaning any disrespect to the generality of navigators, | may add, that from my 
own experience I know that there are many who are very deficient, not from the want of the 
capacity of becoming so, but from the want of the proper means of instruction, and which would 
seem to verify the words of the ancient sage, on being interrogated by the youth. ‘“ My son,” 
said he, “ when you come to the years of manhood, you will be astonished to find how little wisdom 
is used tn the governing of the world.” 

I cannot close the preface to a work of such immense labor, without soliciting the indulgence 
of the reader to any errors or inaccuracies which may have unavoidably crept in, notwithstanding 
the extreme care I have taken in revising the work over several times, both before and after com- 


mitting it to the press. I, however, flatter myself that few will be found to exist of much 
importance. WILLIAM THOMS. 
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NOTICE TO THE THIRD EDITION. 


Tuts edition has been further revised and corrected ; and a new and complete set of Tables, 
for finding the Time at Ship Eas thence the Longitude by Chronometer), have been added. 


NOTICE TO THE SECOND EDITION, 


This work has been revised and corrected, and an addition made of a separate Hzplana- 
fion of the Tables, and it is hoped that no error of importance will now be found to: exist. 
lt may be necessary here to say, that the author, in writing this w ork, did not consider a separate 
Explanation of the Tables requisite, as he had been particular in explaining them in different 
parts of the work when THEY were used. But as some navigators have recommended it, the fol- 
lowing has been added, which will be found useful, as by glancing over them you can rapidly see, 
what the book contains, where the ¢ables can be found, how and where they are used. 


EXPLANATION AND USE OF THE TABLES. 


Note.—The number bf the page, which is placed on the same line with the number of the 
table, refers to the second part of this work, where the table will be found, and the numbers of 
pages in the margin refer to the first part of this work, where the table is used and explained, 


TABLES I. AND Il.—Pagz | 10 61. 
Difference of Latitude and Departure. 


These tables are of very extensive use in Navigation, affording an easy and expeditious method 
of solving problems in right- angled plane trigonometry, and consequently applicable to every 
variety of sailing. Table J. contains the difference of latitude and departure (in whole numbers 
and tenths) answering to distances not exceeding 800, and for courses to every point Bind 

of the compass. Table I]. is of the same nature and extent, but for courses consisting Bi 17 
of whole degrees. ‘The courses are set down at the top of the pages when they do 
not exceed 4 points or 45 degrees, and at the bottom when they are greater than these quantities ; 
and it must be observed that when the course is taken from the top of the page, the aif of Lat. 
and Dep. must be taken from the top also, but when the cowrse is taken from the bottom the aiff 
of Lat. and Dip. must be taken from the bottom, Hence, when these tables are, s 
? : : ¥ ni ; EO ; : : f age 18 
applied in Partllel or Mi idle Latitude sailing the co. Jat. or co. mid. lat. is taken as a “A 

any: $ : Vat 4 to 24, 
course, the departure or meridional distance is found in the Vep. column, and the dif 
ference of longitude in the Dist. column. In Mercator’s sailing, the meridional dif- EB 
toe se cine ; 9) aed 1G ARM a Page 25 
ference of latitude is taken out in the Za¢. coluinn, and difference of Jongitude in the 0 28 
Dep column. When any of the given parts (excepting the courses,) exc: ed the limits pte 
of the table, any aliquot part, as a half, third, fourth. &c., is to be taken; and those found cor- 
responding are to be multiplied by the same figure that the given number is divided by. 


TABLE IJI].—Paee 62 to 67. 
Mfevidiaven Parts. 


This table is used in resolving problems by Mercator’s sailing, and in constructing 
charts on Mercator’s projection. The meridional parts are to be taken out for the 
degrees answering to the given latitude; at the top or bottom, and for the minutes at 
either side column. 


Page 25 
to 28... 


1* TABLE IV.—Paen 68, 
Mean Refraction 


This table contains the mean refraction of the heavenly bodies, in minutes and Pane 67 
seconds, at a mean state of the atmosphere, and corresponding to their observed alti- arne 
tudes, This correction is always to be substracted from the observed altitude of' the 
obiect, 


giv EXPLANATION AND USE OF THE TABLES. 
*2 TABLE V.—Pagce 69. 
Dip of the Horizon. 
The corrections taken out from this table, answering to the height of the eye, above 


ie heidi SO feet, are to be subtracted, from an altitude taken by a fore observation, or 
and 86. —saded to those taken by a back one. 


*38 TABLE VI.—Paaer 69. 
Sun’s Parallax in Altitude. 


Page 67 This correction is to be taken out opposite the Sun’s altitude, and is always ad- 


. and 86. ditive to it. 


* Note—The joint effect of the corrections taken from these three tables, together with the Sun’s semi-diameter, — 
can be taken at once from Table IX. when the altitude of the Sun’s lower limb is taken by a fore observation. 


TABLE VII.—Pacer 69. 
Moon’s Augmentation. 
The Moon’s apparent horizontal semi-diameter, as given in the Nautical Almanacs, 
Page 101. . ede et : 
is to be increased by a number of seconds, called the augmentation, taken out from 
this table, answering nearest to her altitude. Mote-——In practice this is seldom used, except in 
working a Lunar. See page 165. 


TABLE VIII.—Paae 69. 


Dip at Different Distances. 


-_ 


Page 90 When that part of the horizon immediately under the Sun is obstructed by land, 
ag¢*™. the dip is to be taken from this table, (with the height of the eye at the top, and the 
estimated distance from the land in miles in the side column) instead of Table V. 


TABLE [X.—Pace 70. 
To Correct the Observed Altitude of the Sun’s Lower Limb. 


Page 86 This table is intended to simplify the wswal method of correcting the observed altitude 

‘of the Sun’s lower limb, when taken by a fore observation, by showing the correc- 
tion at once for the joint effect of the Sun’s semi-diameter, dip of the horizon, refraction, and 
parallax. ‘These corrections being computed to minutes and tenths, the tenths may easily be 
reduced to seconds by multiplying them by six. In this table the Sun’s semi-diameter is assumed 
at 16 minutes, and its variation from that quantity in each month of the year, given at the 
bottom of the table, is to be applied to the corrections found in the table according to the sign 
+ or — prefixed it. 


TABLE X.—Pace 71 anp 72. 
Sun’s Declination. 


The Sun’s declination is given in this table in degrees and minutes for the years 1854-55- 
56-57, at noon on each day of the year under the meridian of Greenwich; but will answer for 
several subsequent years, by applying the corrections from Table XII. 


x 


TABLE XI.—Paee 73. 
To Correct the Sun’s Declination for Longitude and for Time. 


P As the Sun’s declination in table X. is adapted to the meridian of Greenwich at 
age 84 Beis! she OM : 
. noon, when the ship is to the eastward or westward of that meridian, i¢ should be 
and 85. i fs : . 
corrected by this table; also when é is required for any other tirne than noon, it ean 
be corrected by this table, and applied as directed below the table. *Mote—Rules for correcting 
the declination (taken from the Nautical Almanac) to Greenwich time, at page 124. 


EXPLANATION AND USE OF THE TABLES. x? 
TABLE XII.—Paees 73. 
Correction of the Sun’s Declinatiin every 4 years. 


This table is intended to correct the Sun’s declination given. in Table X., for the change that 
takes place in periods of four years, See note below the table. 


TABLE XTL—Pacor 7 


Sun’s Right Ascension. 


The Sun’s mean right ascension contained in this table, is to be taken out with the 
month at the top, and the day in the side column. When great accuracy is necessary, 
it must be taken from Nautical Almanac. | 


° 


Page 62. 


TABLE XIV.—Pagce 74. 
Equation of Time and Table of Corrections. 


The Equation of time for apparent noon at Greenwich, is given in this table for the years 
1854-55-56 and ’57, and which will answer nearly for sixteen years. A table adjoin- Page 124 
ing is given for correcting the Equation of time for Longitude and for time. Thistable ~* 99° °** 
is entered with the dazly change of the variation at the top, and the Longitude at the left side, (or 
if for time, at the right side) and the angle of meeting points out the correction in sec. and tenths 
of sec. to be applied as directed at the bottom of the table. Mote-—Rule for correcting the 
Equation of time from the Nautical Almanac is given at page 124, 


TABLE XV.—Pace 75 ro 80. 
For Finding the Latitude out of the Meridian. 


This table was first calculated and published by the author in a separate form, (call- Pave 93 
ed Thom’s Tables) but on writing this work was introduced in it; it is divided into Goat) 
five parts, and explained at Page 98. 


TABLE XVI.—Paas 81 to 88. 
Apparent Time of Sun’s Rising and Setting. 


This table is entered with the declination at the top and the latitude at the side, and the angle 
of meeting will point out the time of rising and setting from the top when the Latitude and de- 
clination are of the same name, or from the bottom when they are of contrary names. 


To Find the Time of Rising and Setting of any other Celestial Object. 


This table also exhibits half the time that an olject continues above the horizon in Moon’s 
the column of Seét., and half the time that it continues below in the column of Ais., M. P., 
from the top of the page, when the latitude and declination of the olject are of the Page101. 
same name, and from the bottom when they are of contrary names. ‘Therefore, to Star’s | 
find the time of the object's rising, subtract half the time that it continues above the M. P., 
horizon, from the time of ¢ts passing the meridian, and to find the time of setting Page 106. 
add half the time that it continues above the horizon to the time of its passing the Planet’s 
meridian. Mote.—The rule for computing the meridian passage of the Stars is given M. P. 
at page 111. Table XVIIL. also gives the Mn. Passages of the Stars Page 85 to 90. Page 115. 


TABLE XVIL—Pace 84. 
Altitudes by which the Apparent Time may be found with the greatest accuracy. 


When the latitude and declination of an object are of the same name, by entering this table 
with the declination at top or bottom, and the latitude at the side, the angle of meeting p,, 196 

: Sonat ge 12%. 
points out the altitude of the object nearly, when it is in the prime vertical, or at its 
nearest approach thereto, and which is the best altitude for ascertaining the apparent time. When 
the latitude and declination of an object are of contrary names the olject is nearest the prime 
vertical, when in the horizon, but an altitude less than 6° or 7° should not be used on account of 
the uncertainty of refraction at low altitudes. 


s¥1 EXPLANATION AND USE OF THE TABLES. 
TABLE XVIII.—Page 85 to 90. 

For finding the Apparent Time of 24 Principal Stars passing the Meridian throughout the 
Paye 106. year. 

TABLE XIX.—Page 91. 
Page 106. Right Ascension and Declination of 24 Principal Stars. 

TABLE XX.—Pace 91. 

For Correcting the Observed Altitude of a Star or Planet. 


This table contains the corrections in minutes and tenths to be subtracted from the 


Page 108. oh served altitude of a Star or Planet to find its true altitude, being the joint effect of 
refraction and dip of the horizon. 
TABLE XXI.—Paee 92. 
To find the Latitude by an Altitude of the Polar Star. 
Pag 109 This table is explained on its own page, and on the right hand column is the varza- 
4 7] tion of the correction in 10 years, which is to be substracted from the correction for 


that period of time. 
TABLE XXII.—Pacez 93. 


For Correcting the Time of the Moon’s M. Passage at Greenwich to the time of her passing over 
any other Meridian. 


This table is entered with the daily variation of Moon’s M. Passage to the nearest Page101 
minute at the top, and the longitude of the place in the left side column, and the angle ie ie 
of meeting points out the minutes to be added to the time of Moon’s passing the Meridian of \ 
Greenwich in west longitude or subtracted in east. The sum or remainder will be the time of 
her passing the Meridian of the place. 


TABLE XXII]—Paae 94. 
For Reducing the Moon’s Declination to the Greenwich Time of the Observation. 


Page 102. This table is only used with an Almanac that has the Moon’s Declination given for 
every noon and midnight. 


TABLE XXIV.—Page 95. 
To Correct the Moon’s Semi-diameter and Horizontal Parallax. 
Page 101. This table is explained at Page 95, below the table. 
TABLE XXV.—Paer 96. 


Page 102. To Correct the Moon’s Apparent Altitude. 
TABLE XXVI.—Pagez 97. 
To Turn Time into Degrees or Degrees into Time. 
Page 140. This table is entered with degrees in one column, and opposite the time correspond 


ing is found. 
TABLE XXVII.—Pace 98 ro 106. 


Logarithms of the Latitude and Polar Distances. 


Page 123 This table contains Logs. of latitude and polar distance for finding the time, and 

"thence the longitude by chronometer. The latitude in degrees is taken from the top and 
miles from right hand side, the polar distance in degrees is taken from the bottom and miles from 
left. hand side, except when the polar distance is above 90°, it.is then taken from, the top, 


EXPLANATION AND USE OF THE TABLES. 
TABLE XXVIIL—Pagz 107, 115. 
Logarithms of the Half Sum and Difference, 
This table contains the Logs. of the half sum and difference for finding the time, 


and thence the longitude by chronometer. The half sum is taken from the top and 
difference from bottom. 


TABLE XXIX.—Pagee 116 to 124, 
Logarithms of Apparent Time or Hour Angle. 
For explanation, see note at bottom of page 125, first part of this work. 


TABLE: XX X.—Pacge* 125: 


XV15 


Page 123. 


_ Paye 128, 


for Correcting the Longitude by Chronometer for the effect of an error in the Latitude used in 


finding Time. 


This table saves the trouble of working the s¢ghis over again at noon, when you’ 


find you have used a wrong latitude in finding the time at sea in the morning. 
TABLE XXXI.—Paee 126 ro 137. 
Logarithms of the Apparent Lunar Distance. 
This table contains the Logs. sines and Logs. tangent of the apparent lunar distances. 
TABLE XXXII.—Pace 138 ro 152. 
Logarithms of the First and Second Corrections. 


This table contains the first and second corrections to be applied to the apparent 
distance. 


TABLE XXXIUl.—Paee 154 ro 205. 
Logarithms of the Third Correction, | 


This table contains the third correction to be added to the first and second correc- 
tions and apparent Lunar distance to find the true distance. 


TABLE XXXIV.—Pacex 206 ro 220. 
Proportional Logarithms. 
This table is explained at bottom of page 133, first part of this work. 
TABLE XXXV.—PaceE 221, 222. 
Amplitudes. 


This table is intended to expedite the method of finding the variation of the compass. 


TABLE XXXVI.—Pace 223 To 225. 


Extracts from the Nautical Almanac. 


Page 144 
and 145, 


Page 165. 


Page 165. 


Page 165. 


Page 133. 


Paye 196. 


This table contains extracts from the Nautical Almanac for the year 1854, for the purpose of 


working out the examples given in this work. 
TABLE XXXVII.—Pace 226 anp 227. 


Variation of the Compass. 


This table contains the approximate variation of the compass, and is to be entered with the 


Xviii EXPLANATION AND USE OF THE TABLES. 

longitude at top of page 226 when west, or 227 when east, and the latitude at the 
Page 116. side, and the angle of meeting points out the degrees of variation and is marked east 
or west. The longitude is given for every 10 degrees, and the latitude for every 2 degrees, If 
the variation be required for any intermediate position, it may be found by taking |the mean be- 
tween the two or four variations which are given for places on each side of the required position, 

TABLE XXXVIII.—Pace 228 to 2380. 
Times of High Water at the principal Ports. 


This table contains the times of high water at the full and change of the moon. It is alphabeti- 
eally arranged, and entered accordingly ; when opposite the name of the place, will be found the 
time of high water. 


TABLE XXXIX.—Pagsx 231 To 243. 
Position of Places. 


This table contains the Latitudes and Longitudes of the most prominent places in the world; the 
manner of finding any required place, supposing its situation nearly known—needs no explanation. 


TABLE XL.—Pagce 244 To THE END. 
Positions of Places. 


In this Table the Latitudes and Longitudes of Places has been extended, and some places of 
importance (omitted in Table XX XIX) have been inserted. 


TABLE AT PAGE 18—Fimst Parr or tu1s Work: © 


Shows the number of minutes and seconds contained in each degree, or 60 miles 
of longitude, for every degree of latitude. 


Page 18. 
TABLE AT PAGE 32—Firsr Part or Ttu1s Work. 

Page 32. For finding the distance of an object by two bearings and the distance sailed between them. 

_ This table is particularly useful to coaséers. 


TABLE AT PAGE 37—Firsr Part or tu1s Work. . 


This table is used for finding the time of high water at any place by correcting for 
Page 37. ; . ’ ’ 
the moon’s horizontal parallax. ' 


TABLE AT PAGE 100—Firsr Parr or tuis Worx. 
To find the Latitude from Sun’s change of Altitude. 


Page 100 This table contains the Sun’s change of altitude in one minute of time for every 
J "degree of latitude when on the Prime Vertical. 


TABLE AT PAGE 153-—-Srconpy Parr or tH1s Worx. 


This table contains the Sun’s change of altitude in one minute of time for every degree of lati- 
tude when not on the Prime Vertical. 


JAMES H. BROWNLOW. 
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PRACTICAL NAVIGATION. 


INTRODUCTION. 


Navieation is the art of conducting a ship from one port to another, through the wide and 
trackless ocean, with the greatest safety, in the shortest time possible, and to find her position on 
the globe at any given time. 

‘To be able to do this, the mariner is required to have a knowledge of certain imaginary circles, 
supposed to be drawn on the surface of the earth, together with the most practical and easy 
method of finding a ship’s position thereon, from the course steered by the compass, and her 
distance sailed, and also- the course and distance to her intended port. This constitutes what is 
called Navigating by Dead Reckoning; but as it is liable to be greatly in error, even in short dis- 
tances run, from many causes (which will be explained in this work), it cannot therefore safely be 
depended on. 

Consequently, the mariner must have some other resource to apply to, with the view of ascer- 
taining his ship’s true position. This can only be derived from the observations of the heavenly. 
bodies; but to do this, he is required to have a knowledge of certain imaginary circles supposed 
to be drawn in the heavens, corresponding to those already supposed to be drawn on the earth’s 
surface; by which means he obtains the positions of the heavenly bodies themselves, in the same 
manner as the position of the ship is indicated by the circles on the earth; and it will be the object 
of this work to instruct him how to find his ship’s position, from the observations of any of the 
heavenly bodies which may be visible, either by day or by night, and avoiding all the tedious 
details and intricate calculations which are not necessary, thereby saving much valuable time and 
labor; the results, by this method, having been found from actual experience to be sufficiently 
accurate for all practical purposes. 

In this work the mariner will therefore not be required to go through a tedious training in 
decimal and logarithmical arithmetic, nor is it required that he should have a previous knowledg: 
of either geometry or trigonometry, which are usually given in works of this kind; all the matter 
which’ treats on those subjects is therefore discarded, except such part of it as has a direet bearing 
on the practice of navigation at sea. | | 

All that is then required of him is to have a previous knowledge of the common rules of arith- 
metic; that is, addition, subtraction, multiplication, division, the rule of three, and the practice 
of aliquot parts; or that amount of education only which would be required to fit a person to ful- 
fil the ordinary business of life. gente ' 

In the room of the above-mentioned discarded matter, Diagrams or figures of the subject under 
consideration will be introduced in their proper places, and the explanation of each Diagram facing 
it on the same or opposite pages, thereby enabling the learner to comprehend mechanically the 
whole case at one view. Pec 

The construction and use of both General and Coasting Charts, with the manner of taking Sound- 
ings on the Coast, t e prevailing Winds and Currents in different parts of the, world, and Storms 
and Hurricanes, will all be explained, and practical rules given to avoid the latter, derived from 
actual experience. The Instruments of Navigation will also be explained, and the manner of 
adjusting, correcting, and using them at sca. | 

In treating of Nautical Astronomy, the subject will be illustrated by Diagrams, and the cases 
proved by projection only, in the room of going into the tedious solutions of Spherical Trigonom- 
etry, except in those cases where a Rule is required; and much new fatter on this subject will 
be introduced, in connection with the usc of the Chronometer. Many new Tables will also be 
introduced, with a view of shortening the labor in the computations. 

Although this work is intended to treat only on those subjects which have reference to the place 
of the Ship on the Ocean, nevertheless much useful matter will be found which wi'l be interesting 
to the young officer, in regard of Navigating the Ship. The who’e being original matter, which 
the author of this work has derived from a personal experience of more than a quarter of a cen- 
tury, in Navigating Ships to nearly all parts of the world. The work will be closed with the 
methods of Keeping a Log-Book, exemplified by a Journal of a Voyage, with remarks on the 
‘same, as would actually be done at sea. 


2 GEOGRAPHY. 


DIAGRAM OF THE EARTH, 


Showing its inclination to the Plane of its Orbit of 23° 28', and the imaginary Circles drawn on its surface 


DESCRIPTION AND DIMENSIONS OF THE EARTH. 


The Polar Diameter is 7899, and the Equatorial Diameter 7926 miles; the latter being the greatest. is 
eaused by the revolution of the Earth on its axis, and as the greater portion of the surface is covered with 
water, it recedes from the poles towards the Equator, until its tendeney to run back towards the poles just 
balances the effects of the centrifugal force. This causes the Equatorial Diameter to be about 27 miles greater 
than the Polar Diameter. If the Earth should stop revolving on its axis, the water at the Equator would 
settle away towards the Poles until it assumed the form of a Globe as near as possible. Thus, large por- 
tions of land in the Torrid Zone which are now covered by the ocean would be left dry, and new conti- 
nents and islands formed. 

The Polar Axis is not perpendicular, but inclines to the plane of its orbit at an angle of 23° 28’, and per- 
forms its revolution round the sun in one year, or 365 days 6 hours, or at the rate of 68,000 miles an hour ; 
at the’same time it performs its daily revolution round its axis at the rate of: 15° to the hour—equal to 900 
miles, or 15 miles in 1 minute of time. 

Latitude is measured in Degrees, Minutes, and Seconds from the Equator towards the Poles, from which 
it is 90° distant ; each Degree contains 60 Minutes, and each Minute contains 60 Seconds. 1 Minute or 
Nautical Mile contains 6082 feet, or 1013 fathoms, and therefore a Second is about 101 feet, or 17 fathoms 
nearly. . 

The Circumference of the Earth at the Equator is 360 Degrees of the same length as the Degrees of Lati- 
tude; consequently, Degrees of Latitude and Longitude are the same length on the Equator. But on sail- 
ing North or South from the Equator, the Meridians contract, and the Degrees of Longitude become less, 
(but still contain or are divided into 60 minutes,) until they finally meet at the Poles, where there is no 
Longitude, 


The Earth revolves from West to East, which is the cause of all the heavenly bodies appearing to rise 
in the East and set in the West. 
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GEOGRAPHY; 


AS APPLIED TO THE PRACTICE OF NAVIGATION AT SEA. 


DEFINITIONS. 


Practica, Navication relates to two meihods, independent of each other—the first is that usually called 
Dead Keckoning, and the other by Astronomical Observations ; but in practice they are generally carried 


on together, as a check upon each other. 


The first of these methods requires a knowledge of the imaginary lines and Circles on the surface of the 
Globe, or Kurth, which we inhabit, aud which turns round once in every 24 hours; the line round which it 
revolves, and which is the shortest diameter, is called the Polar Axis, and drawn between the North and 


South Poles 


90° from the Poles is the great Circle, called the Equator, passing round the earth and dividing it into 


two equal parts, or Hemispheres, 


At all places on this circle the sun rises and sets at 6 o’clock all the year 


round, and the days and nights are equal, being divided into 12 hours each. 


A Meridian is a cirele passing through both poles, and cutting the Equator at right angles. 


Places situ- 


ated on this Circle are said to be on the same meridian North or South of each other. 
Latitude is the distance from the Equator, measured in Degrees and Minutes, on a meridian towards the 


North or South Poles, and named accordingly. 


The Co-latitude is the difference between a given Latitude and 90°, or the Pole. 


Parallels of Latitude are Circles parallel to the Equator, running East and West. 


are said to lie on the same parallel of latitude. 


Places on this circle 


The Difference of Latitude of two places is the portion of the meridian included between their parallels. 
The Difference of Latitude of a Ship is therefore the distance she makes good in a North or South diree- 


tlon. 


It is evident that when two places are on the same side of the Equator, their difference of Latitude’ is 
found by subtracting the lesser latitude from the greater, and that when they are on opposite sides of the 
Equator, that is, when one place is in North Latitude, and the other in South Latitude, the sum of their 


Latitudes is the difference of Latitude. 


EXAMPLE 1. 


Find the difference of Latitude between New York 
and Charleston, 8. C. 


New York, Latitude..... 40° 43’ N. 

CHSPIERODN: 6 ooo oer wire 32 46 N. 

Difference of Latitude.. . 7° 57’. 
EXAMPLE 2. 


Find the difference of Latitude between Cape Henry 
and Cape St. Roque. 

Cape Henry, Latitude. . 86° 56’ N. 

Cape St. Roque.. “ ....5 28 S. 


Difference of Latitude ..42° 24’. 


EXAMPLE 38. 
A ship sails from Latitude 50° 19’ N. to 48° 12’ N. 
find her difference of Latitude. 


‘Datitudeclethcs: ous os. 50° 19’ N. 
Tatifeewi. .. ses eas 48 12 N. 


Difference of Latitude....2° 7' = 127 miles. 


EXAMPLE 4. 
- A ship sails from Latitude 1° 11' N. to 0° 13’ S.,, find 
her difference of Latitude. 


_ Latitude left........ 1? lia 
Pativude in ...ic sie on 0 138 8. 


Difference of Latitude 1° 24’ or 84 miles 


Note.— When a Ship in north latitude sails North, she evidently increases her latitude, and so likewise when in south 
latitude she sails South, because in these cases she increases her distance from the Equator, at which the latitude 


begins. 


But if in north latitude she sails South, or in south latitude she sails North, she diminishes her latitude ; hence, when 
one latitude and the difference of latitude are given the other .atitude is easily found. 


EXAMPLE 1: 


A Ship from 48° 30’ 8, sails 219 miles South, required 
her latitude in. 


Lathererre. 5.0. eet cic. eee 43° 30'S. 

Diff. of Lat. 219 divided by 60 = 3 39 Ss. 

Latituca tpn s v4 vv teed oe oe ws 47° 9/8. 
EXAMPLE 2. 


A Ship from latitude 43° 11' N. makes 194 miles 
southing, required her latitude in. 


Latitude left. ...... Hy 4 SOO 48° 11' N. 
Difference of Latitude ....194 = 8 14 8S. 


Latitude in 89° 57’ N, 


EXAMPLE 8. 


A Ship from Latitude 1° 3’ N, sails 123 miles South, 
required her latitude in. 


Latitude left....... Bee 1° 3' N. 
Difference of Latitude 123. = 2°38. 
Latitude info) ek k. ... 8d 1° 0’ 8. 


Notre.—The Ship being in 1° 8’, or 68 miles N. of the 
Equator, must evidently be in South Latitude atter making 
128 miles southing. 

Thus, in subtracting one of the quantities from the other, 
the difference takes the name of the greater. 


4 _ GEOGRAPHY. 


Longitude is the distance measured on the Equator, between the Meridian of a given place and another, 
called the first meridian. The choice of a first meridian is arbitrary. The Americans, English, and other 
nations adopt Greenwich Observatory in England as the first Meridian. 

The Longitude of a place is named East or West, according as it is East or West of Greenwich, as far as 
180°, and which is the opposite meridian to Greenwich, or one-half of the circumference of the Earth. A 
Ship sailing East beyond 180° East Longitude, would then be in West Longitude, and sailing West beyond 
180° West Longitude, would then be in East Longitude. 

Longitude is measured either in Degrees, Minutes, and Seconds, or in Time, that is, in Hours, Minutes, 
and Seconds, each hour being equal to 15°; for the Sun, which regulates the time, returns to the same 
meridian again after describing a complete circle, or 360°, in 24 hours, and 15° multiplied by 24, makes © 
360°. 

The Difference of Longitude of two places is the portion of the Equator included between their meridians. 
To measure, therefore, the difference of Longitude between two places, we must follow down their meridians 
to the Equator, and then take the included portion of the Equator itself. 

The Degrees of Latitude and Longitude are of the same length on the Equator; but as the meridians 
coniract and meet at the Poles, the greater the Latitude the Degrees of Longitude become less; that is, the 
space contained in a Degree of Longitude becomes less as the Latitude increases, until at the Poles the 
Longitude ceases altogether. 

When two places are on the same side of the first meridian, their difference of Longitude is found by 
subtracting the lesser from the greater. ; 

When two places are on opposite sides of the first meridian, that is, when one place is in East Longitude 
and the other in West Longitude, the sum of their Longitudes is the difference of Longitude. 

When one Longitude is East and the other West, and their sum exceeds 180°, subtract from 360° will 


give their difference of Longitude. 


EXAMPLE 1. - EXAMPLE 5. 
Find the difference of Longitude between New York Find the difference of Longitude between New York 
and Charleston, 8. C. and Manilla. 
New York, Longitude..... 74° 0’ W. New York, Longitude...... rary 1 We, 
Charleston nee" ic. bee aie 79 54 W. Manilla... si.38 iia Sapa you a oe 
Difference of Longitude.... 5° 54’, SHUR Usrem ae sss kaos 195% 8% 
Subtract from.......... 360 0 
EXAMPLE 2. Difference of Longitude.. 164° 57’, 
Find the difference of Longitude between the Cape of Vad 
IG. 2, 


Good Hope and Cape St. Rogue. 
Cape of Good Hope, Longitude 18° 30’ E. 


-THE EQUATOR. 


Cape St. Roque....... 6 17" W. 
Difference of Longitude....... 53° 47’. 
EXAMPLE 3. 


A Ship sails from Longitude 50° 10’ W. to 60° 30! 
W., find the difference of Longitude. 

Longitude left........... 50° 10’ W. 

Longitgdentin ergo \as/. alge 60 30 W. 


Difference of Longitude. . 10° 20’. 


EXAMPLE 4. - 
A Ship sails from Longitude 5° 40'-W. to 2° 10’ E. | BRiieieiam 
find her difference of Longitude. im | 
Longitude left........... 5° 40' W. 
Longitude in............ 2 10 E. 
Difference of Longitude. ..7° 50’. 


Nore.—A Ship in East Longitude sailing East, or in West Longitude sailing West, increases her Longitude, but in 
East Longitude sailing West, or in West Longitude sailing East, she diminishes her longitude; and when the Longi- 
tude exceeds 180°, subtract it from 360, will give the Longitude in of a contrary name. 


EXAMPLE 6. EXAMPLE 7. 
A Ship from Longitude 85° 25' W. sails’ East 8° 40’, A Ship from Longitude 179° 32’ E. sails East 2° 30’, 
find the Longitude in. find the Longitude in. 
Longitude left....... . 85° 25' W. Longitude left........ 179° 32’ KE. 
Difference of Longitude 8 40 E. Difference of Longitude. .2 30 EK. 
Longitude in......... 81° 45’ W. SUM... eee eee ee eee 182° 2! 
; Subtract from........360 0 


Longitude in......... 177° 58’ W. 
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Fie. 4. 
DIAGRAM OF THE RIGHT-ANGLED TRIANGLE. 
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PRINCIPLES OF THE RIGHT-ANGLED TRIANGLE. 


THE Course steered is the angle between the Meridian and the Ship’s head; the Course made good is 
the angle between the Meridian and the Ship’s real track on the ocean. 

The Course is reckoned from the Meridian accordingly, North or South towards the East or West, if less 
than eight points, or 90 Degrees. 

The Course is measured in points of 11° 15’ each, or in Degrees and Minutes. 

The Rhumb line is the Ship’s track when crossing all the Meridians at the same Angle. 

The Distance between two places. or the Distance sailed by the Ship on a certain course, is measured in 
nautical miles of 60 to the Degree of Latitude, each containing 6,082 feet. 

Three such miles make a League. 

The Departure is the Distance made good by the Ship due East or West, or the distance she departs from 
her first Meridian, and are always of the same length as the miles of Distance, or difference of Latitude; 
it is also called Easting or Westing, and always expressed in miles. When a Ship sails East or West she 
makes no difference of Latitude. 

The difference of Latitude is the space contained between two parallels of Latitude, and is counted on 
the meridian. When a ship sails North or South she makes no Departure. 

Taking a departure means taking the bearing of any object by compass, or its angle with the Meridian, 
and estimating its distance from the Ship on leaving the land. 

The above figure represents a case in Plane Sailing, in which all the above terms are explained. The 
thick lines form a Right-Angled Triangle, of which the Perpeiidicular is the Difference of Latitude. 
The Base, the Departure ; the “Angle between them is a Right Angle, or 90°; and the Hypothenuse is the 
Distance sailed; the-Angle between the Hypothenuse and the Perpendicular is the Course reckoned from 
the Meridian ; and the opposite Angle is found by subtracting it from 90°; because these two Angles are 
equal to the Right Angle. or 90°. We have now the four terms of a Right-Angled Triangle, corresponding 
to the Course, Distance, Difference of Latitude, and Departure, and by the well-known properties of that 
figure, any two of which being given, the other two can readily be found by the rules given for projecting 
the case; and to obviate the labor of calculating the terms by Logarithms, Tables have been long in use 
containing all that is necessary for solving the probléms, sufficiently accurate for the purpose intended. 
They are called the Traverse Tables, and the quantities are taken out by inspection; and as this is the 
method invariably used at sea, all the other methods are neglected, and never used even by those who have 
a thorough knowledge of Trigonometry, and many navigators consider them a useless appendage to a work on 
Practical Navigation. 


INSTRUMENTS OF NAVIGATION. 


The Instruments used in Navigation are the Compass, the Log, and Glass. The former shows the direc 
tion of the Ship’s track, and by means of the latter her distance run is measured. 

The Log Ship is a small triangular-shaped piece of wood, one side being loaded so as to cause it to swim 
upright ; sometimes a funnel-shaped bag is used instead. This is attached to the line in such a manger 
that when the glass has run out, and the line checked, one of the corners (being fastened by a peg of wood 
or bone), is released, or the bag reversed, which allows it to be easily hauled on board again. At 12 or 15 
fathoms from the Log Ship the line is marked with a strip of Rag; this is called the Stray line, which 
enables the Log to go clear of the Ship before the time is counted, or the Glass turned. From this mark 
the line is measured and divided into Knots and Half Knots, and marked at each Knot with a bit of string, 
with the number of Knots upon it. 

The length of a Knot depends upon the number of seconds which the Glass measures. 


MENTS OF NAVIGATION 
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THE MARINER’S COMPASS. 
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sometimes expressed in Points and sometimes in Degrees, the following Tab: 


A.s the Ship’s Course is 
will be found useful for reference. 
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INSTRUMENTS OF NAVIGATION. 


The length of a nautical mile being about 6,080 feet, the 30 Second Glass should have a length of Knot 

nearly 51 teet. To determine the length of Knot to any length of glass, the Rule is, as 30 Seconds is te 
-51 feet, so is 28 Seconds to the Knot of 47 feet, and so on. 

But in practice a 45 feet length of Knot is found to correspond best with a 28 Second Glass. The dif- 
ference is caused by the Log Ship coming home when hove, and 47 feet gives the Distance run too small. 

Before the line is measured it should be well stretched, and then made wet. Nails should be placed in 
the Deck at the proper length of the measured Knot, so as to verify the marks frequently, as the line is 
liable either to stretch or run up. 

Sometimes the Knots and half Knots only are inserted in the Log Board, but in general the Knot is 
divided into 10 fathoms, and the odd fathoms inserted for handiness in adding up. This fathom is not 6 
feet, but the tenth part of the Knot only. 

The Log line, after being thus measured, is fastened to a Reel and wound up. ready for use. The man- 
ner of heaving the Log can only be learned at Sea, but it may be useful to remark that the line is taked in 
the hand, not coiled, and the Log Ship is to be thrown well out to Leeward of the Ship’s wake, and in such 
a manner that it may take hold of the water at once, and that before a heavy Sea the line should be paid 
out rapidly when the Stern is rising, and retarded a little when the Stern is falling. 

Whichever length of Glass is adopted, there should always be another of half the length, usually called 
the short glass, and used when the Ship i is going rapidly through the water, as only half of the length of 
line is required, and by doubling the number of Knots run out, the same result is obtained as if the whole 
line had been used. 

The Glass should be kept.dry, and verified occasionally with the second hands of a Chronometer. 


THE COMPASS. 


The Mariner’s Compass consists of a circular card, the edge being divided into 32 Points, Half Points 
and Quarter Points, and into 360 Degrees. 

The four principal points, or, as they are called, the cardinal points, are North, South, East, and West, 
the East being towards the right when facing the North. 

A farther description of this well-known Instrument is not required, except that in North fwhtide the 
North Pole of the magnetized bar is drawn or attracted in that direction, and in South Latitude the South 
Pole is attracted towards the South. The Dip, or attraction towards the centre of the Earth is greatest in 
high Latitudes, and is frequently the cause of a sluggish movement of the Card in common compasses. 
The magnetic pole dipping, a balance-weight of Sealing-Wax or other substance is required at the other 
end of the bar, to make it swing freely round, which can be removed again in low Latitudes. The pin on 
which the card is balanced sometimes becomes blunt by constant use, which can be sharpened with a fine- 
grained file or a set stone. 

The Lubber’s Point is a perpendicular mark in the eenire of the forward part of the Compass Bowel 
and represents the line of the Ship’s Keel, (or a line parallel to it). By endeavoring to keep a given point 
of the Compass card at this mark, constitutes what is called steering a course by Compass. 


THE VARIATION OF THE COMPASS. 


The Needle points to the Magnetic North, which in few parts of the world agrees with the true North, 
the difference between them is called the Variation of the Compass. See page 116. 

The Variation is named Easterly when the North end is drawn towards the East of the true North, and 
Westerly when drawn to the Westward. The variation is different in different places, and is constantly 
though slowly changing. 

To correct compass courses and bearings for variation, if the variation is Easterly, apply it to the right 
hand of the Compass course or bearing. When Westerly, apply it to the left hand, looking towards the 
point representing the given course or bearing. 

A True course or bearing is reduced to the Compass course or bearing by applying the variation the con- 


trary way. 
“LOCAL ATTRACTION. 


The Compass in every Ship is more or less affected by the Iron used in her construction, and by [ron on 
board as cargo. It is most sensibly felt when the Ship’s heads East or West, because in North Latitude 
the North Point is drawn forward, and the reverse in South Latitude; but when her head is North and 
South, the Magnetic and true meridians nearly coincide with the disturbing force, situated in the forward 
part of the Ship, and the. effect is not so sensible. It may be detected by taking frequent observations jo 
find the variation of the Compass. (which will include the Local Attraction ;) then the difference between 
that and the variation laid down on the Chart will be the Local Attraction. This subject will be found 
treated of more at length at page 120. 


PRACTICAL NAVIGATION. 


INTRODUCTION TO .THE SAILINGS. 


Tuer Methods used in navigating a Ship by Dead Reckoning are the Plane and Traverse Sailings, Paral- 
lel, Middle Latitude, and Mercator Sailings; Current Sailing being merely a modification of the others, all 
of ‘which will be explained and exemplified ‘under their proper heads. 

It has not been deemed necessarily within the scope of this work to include Great Circle Sailing, simply 
because the track of a Ship, as given by the general rules in Great Circle Sailing, cannot be practically 
adopted by a Sailing Vessel, from many causes which it is not necessary here to - explain, and which has 
been the cause of leading many vessels astray that had adopted it. 

A Ship may, however, adopt a modification of the Track on the Great Cirele without reference to any 
general rules, as follows : 

Great Circle Sailing supposes a Ship to Sail on a circle on the Earth’s surface, having the Centre of the 
Earth as a Centre. When a Ship sails: true North or South, she sails on the Arc of a Great Cirele; and 
when she sails true East or West on the Equator, she also sails on the Arc of a Great Cirele, because ‘these | 
Circles have the Earth’s Centre for a Centre; but in sailing on a straight Rhumb line in any other direc- 
tion, which, although it may appear perfectly straight on the Chart, nevertheless, if her positions at Noon 
were laid off on a Terrestrial Globe, it would be found that she had described a Curve with its back to- 
wards the Equator, and been sailing ona Small Circle. Now the object to be attained in Great Circle 
Sailing is to adopt a curve or track on the Chart, the back of which shall be turned towards the Pole of that 
Latitude in which she is Sailing. Then, supposing her positions at Noon to be laid-off on the Globe as be- 
fore, it will be found that she has been sailing on a circle which has the centre of the Earth as a centre, 
the distance measured between any two places on this Great Circle is the least distance between them ; 
but, as before observed, this is not always practical. A modification may be adopted by tracing upon a 
Chart of the intended voyage a curved Track from Port to Port, having its back towards the N orth in North 
Latitude, or towards the South in South Latitude, and which shall keep the Ship free from being entangled 
with the Land, and at the same time placing her in the most favorable position to take advantage of the 
prevailing Winds and Currents. 

The manner of doing this is simply to draw a line between the two places on the Chart, and to mark 
the extent to which the curve may be judiciously made on the polar side of the middle of that line; then 
through these three points trace a curved line, which will approximate to that of a Great Circle. Now it 
is evident that to sail on this curved track, the course must be shaped accordingly, and that it will be 
required to be reshaped or changed at the end of every 60 or 100 miles of Distance run by the Ship. The 
extent of this curve must be greatest in high Latitudes, and on crossing the Equator it changes to the oppo- 
site side of the straight line. See the Great Circle track from Santa Cruz to St. Johns, on the Chart at 
page 4@ 


Ko) 


PLANE SAILING. 


Plane Sailing is the Art of Navigating a Ship on a plane surface, supposing the surface of the Earth to 
be an extended plane, and the meridians all parallel to each other. This supposition is nearly true for 
small portions of the Earth’s surface, and for a considerable space on each side of the Equator. 

But as the Meridians contract in Sailing from the Equator towards the Poles, the sides of the Right- 
Angled Triangle do not bear the same relation to each other on large portions of the Earth’s surface. 

Plane Sailing also supposes the parallels of Latitude to be at right angles to the Meridians, and the 
length of a degree on the Meridian, Equator, and parallels of Latitude, everywhere equal. 


CASE I. 
The Course and Distance given to find the Difference in Latitude and Departure. 


Examp.LE.—A Ship from Latitude 48° 30’ N. Sails North-East by North 300 miles. Required her Latitude 
in and Departure from the Meridian. 


BY PROJECTION ON THE PLANE SCALE. 
Fic. 6. 
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Draw a horizontal ling representing the parallel of Latitude sailed from; then with the Chord of 60° in 
the dividers, and one foo¥ on this line, describe a Semicircle ; divide this Semicircle into equal parts of 90° 
each, (or a Quadrant) ;divide the right hand Quadrant into 8 equal parts, which transfer to a line drawn across 
the Quadrant, will give the line of Rhumbs. Divide the left hand Quadrant into 9 equal parts, and transfer 
them to a line drawn across the Quadrant in like manner, will give the line of Chords. Those figures are 
always drawn so that the upper part represents the North, and the ship is supposed to sail from the centre on 
a given course towards the circumference or horizon. the course North-East by North, 300. miles given. Take 
3 points from the line of Rhumbs and lay it off from the North towards thé East, anid draw the Rhumb line, 
which will represent the Ship’s Course, and on which measure off the Distance Sailed; this will give the 
Ship’s place. Draw a parallel of Latitude through this place, and through the Meridian sailed from, and 
the space between the Parallels of Latitude is the Difference of Latitude made, measured on the Meridian. 
Draw a Meridian through the Ship’s place parallel to the Meridian sailed from, and the space between 
the Meridians is the Departure made. 


BY INSPECTION. TRAVERSE TABLE. 


Course North-East by North, or 8 Points, and Distance 300 miles. In the Traverse Table gives 
| Difference of Latitude. ... )249.4 miles, and the Departure 167 miles. 


: == 4° Q'’N 
Latitude left: .dvddewens. 48% 30° 
Latitude in...... “AS a Ss 52° 39’ N 


Norr.—These Tables contain four terms, any two of which being given, the other two can be found by inspection ; 
and it must be observed that in using these Tables the terms Distance, Latitude, Departure, must be found at the top, i 
the Course is found there: but if the Course is found at the bottom, those names or terms must be found at the bottom. 
Thus, the Course North-East by North, or 8 Points, is found at the top, and the columns headed Latitude and Departure 
are to be used from the top, and against Distance 800 stands Difference of Latitude 249.4, and Departure 166.7. In 

ractice, should the tenths be less than 5, we throw them away ; if more than 5, we call the sum one mile more. 

When the Distance is more than 800, or if any of the other terms be too great for the Tables, we take one-half, one- 
third, one-fourth, or one-tenth, and multiply the terms thus found by the same quantity that they were reduced by. 


10 PLANE SAILING. 


CASE II. 
The Difference of Latitude and Course given to find the Distance and Dep + ‘ure. 


Exampte.—A Ship from Latitude 52° 39’ North, sails South-West by South until her Latitude observed was 
48° 30’ North. Required the Distance run and her Departure from the Meridian. 


Fig. 7. 


Li edd ae La Seed fone Latitude left. .59° 59’ N. 

Day Latitude in... 48 30 N. 
I TOL 
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Diff. of Lat....249 miles. 


PROJECTION BY THE PLANE SCALE. 


4 Draw a horizontal line to represent the parallel of Lati- 
y tude Sailed from; then with the Chord of 60° in the divi- 
ders, and one foot on this line as a Centre, make the Arc 
of a 'Circle towards the left hand downwards, which will 
# represent the Southwest Quadrant. Take 90° in the divi- 
ders, and with one foot on the line where it joins the Cir- 
ele, extend the other downwards, and mark the Circle. 
A line drawn through this mark to the Centre will form 
a Right Angle with the other line, and represents the 
Meridian sailed from. Lay off the Difference of Latitude 
# on this Meridian towards the South, and draw the paralle! 
m of Latitude come to. Take 3.Poinis from the line of 
Rhumbs, and lay it off from the Meridian South, towards 
fm the West, and draw the Rhumb ime, and where it cuts 
Mm the parallel of Latitude is the Ship’s place. and gives her 
@ Distance Sailed. Draw a line parallel to the Meridian 
histiah the Ship’s: place, will give the Meridian come to, and the space between the Meridians is the 
Departure, 


\ 
\ 
\ 


Mertn: Satleh from verte 


BY INSPECTION. TRAVERSE TABLES. 


I open the Table at a 3-Point Course, and find the Difference of Latitude 249 miles in its column. (at 
the top of the page, marked. Latitude.) and against. it, in the Distance column, stands 300 miles, the Dis- 
tance required, and opposite, in the column marked Departure, stands the Departure required, 16”. 


: CASE III, 
The Difference of Latitude and Departure given to find the Course and Distdnce. 


ExampLte—A Ship from Latitude 32° 31' North sails between the South and East until her Latitude in is 30° 10' 
North, baying made 265 miles of Departure. Required her Course and Distance sailed. 


Fic. 8. 
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PROJECTION. BY THE~ PLANE SCALE. 


Draw a Horizontal line to represent. the parallel of Latitude sailed from, then with the Chord of 6C° !n 
the dividers, and one foot on this line as a Centre, make the Are of a Cirele towards the right hand down- 
wards. and which will represent the South-East quarter of the Compass. Take 90° in the dividers, and 
with one foot on the line where the circle meets it, extend the other downwards, and mark the Cirele: then 
a. line drawn through this mark to the Centre will form a Right Angle with the other line, and represents 
the Meridian sailed from. Laygoff the Difference of Latitude, 141. on the Meridian. from the parallel of 
Latitude sailed from downwards, or towards the South,-and draw the parallel of Latitude come to. 


PLANE SAILING. 11 
e 
From the meridian line towards the East, or right hand, lay off the Departure, 265 miles, and draw the 
meridian come to parallel with it.. Then where this meridian cuts the parallel of Latitude come to is the 
Ship’s-place. Draw the Rhumb-line between the Ship’s place and the centre, which will give the Distance 
Sailed ; and where this line cuts the Circle will be the Course 5} Points measured from the meridian line, 
or from the South towards the East. 


BY INSPECTION. TRAVERSE TABLES 
With the difference Latitude 141, and the Departure 265, I enter the Table for Points, and I find them - 
to agree nearly to the Course 54 Points, and the Distance opposite is 300 miles. 
Or, in the Table for Degrees the nearest is 264.9 and 140.8, which’ gives the Course Sailed 62° E., and 
distance 300 miles. The Departure being the greatest the Course 1s found at the bottom of the page. 
CASE IV. : 
The Difference of Latitude and Distance Sailed, given, to find the Course and Departure. 


A Ship from Latitude 38°: 20' N. sails 296 miles between the North and West, until the Latitude ob- 
served was 40° 13’ N. Required her Course and. Departure. 


Fic. 9. 
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PROJECTION BY THE PLANE SCALE. 


Draw-a horozontal line representing the parallel of Latitude sailed from... Then with the Chord of 60° 
in the dividers, and one foot on this line as a Centre, draw the Are of a Circle to the left hand. upwards, 
which will represent the N. W. quarter of the Compass. Take 90° in the dividers, and with one foot on 
this line where the circle meets it. extend the other upwards and mark the circle, draw a line through this 

mark to the centre, and it will forma Right Angle with the other line and will represent the meridian 
sailed from. Lay ‘off the Difference of Latitude, 113,.0n this meridian line from the parallel of Latitude 
sailed from towards the N. and draw the parallel of Latitude come to, Take the Distance 296 miles in 
the dividers, and with one foot on the centre extend the other and cut the parallel of Latitude come to,. 
which is the Ship’s place. Draw the Rhumb line between the Ship’s place and the Ceutre, and where it 
cuts the circle shows the Angle of the Course N. 6 points W. Through the Ship’s place draw a line par- 
allel to the meridian sailed from, which will be the meridian come to, and the space between the meridians 
. is the Departure. 


~ BY INSPECTION. TRAVERSE TABLES. 


With the Distance 296 miles and Difference Latitude 113, I. enter the. Table for Degrees, and find them 
to agree between 67° and 68°, or, N. 67°. 30 W., and the Departure 274... The manner of doing it is thus : 
I take the Distance 296 miles and the nearest Differends Latitude greater than the one sought, is found to 
be 115.7 at Course. 67°, and the nearest less Difference Latitude 110.9 at Course 68°. The half between 
them is the course, required. The Departure at. Course 67° is 272. 5, and at 68° is 274.4. The mean or 
half between the two is 274, nearly, which is the Departure required, ; 

Or, enter the Table. of Points with Distance 296 and Difference Latitude 113. The nearest to it, 113.3, 
gives a six point Course, and the corresponding Departure is 273.5. 


Norr.—In all those cases where the Course is required, consider whether the Difference of Latitude or the Departure 
is the greatest. If the Departure is the greatest, the Course is found at the bottom of the page; but if the Departure 
is the least of the two, the course will be found at the Top of the page. 

Because those ‘lables are calculated as far as Four Points or 45° at the Top, for Distance, Difference of Latitude, and 
Departure; they then commence at the Bottom of the page, and go. backwards for the remaining Points or Degrees of 
the Quadrant and the angle of the Course being greater, the Latitude and Departure columns are reversed at the Bot 

‘um, and marked accordingly. * 


£2 PLANE SAILING. 


CASE V. 
The Course and Departure given to find the Distance and Difference of Latitude. 
Exampie.—A Ship from Lat. 2° '7' N_ sails South-West by West half West until she has made 250. miles of 
Departure. Required her Latitude in and Distance Sailed. 


Fic. 10. 
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PROJECTION BY THE PLANE SCALE. 


Draw a horizontal line to represent the parallel of Latitude sailed from. Take the Chord of 60° in the 
dividers, and with one foot on this line as a Centre, make the Arc of a Circle towards the left downwards, 
which will represent the South-West quarter of the Compass. Take 90° in the dividers, and with one foot 
on the line where the Circle joins 1t, extend the other and mark the Cirele. A line through this mark to 
the Centre will form a Right Angle with the other line, and which will represent the Meridian sailed from. 
Take 5} Points from the line of Chords, and lay it off from the South towards the West, and mark it on the 
Circle. Draw the Rhumb line through this mark to the Centre, and it will form an Angle with the 
Meridian or the Course. 

Lay off the Departure 350 miles from the Meridian towards the West, and draw the Meridian come to 
parallel] with the other; then where it cuts the Rhumb line is the Ship’s place. Extend the dividers be+ 
tween this place and the Centre, will give the Distance sailed 396 miles. Through the Ship’s place draw 
the parallel of Latitude come to. and the space between the parallels of Latitude is the Difference of Lati- 
tude, 187, or 3° 7’ South, andthe Latitude in is 1° 00’ South. In this case the Ship has crossed the Equator. 


BY INSPECTION. TRAVERSE TABLES. 


Find the Course 54 Points at the bottom of the page of the Table for Points. Take half the Departure, 
350 miles, which is 175, in its column, the nearest to it, is 174.6; opposite, in the Distance column, stands 
198. and in the Latitude column 93.3, which is half the Distance and half the Departure, which, being 
doubled, gives the whole Distance, 396 miles, and the whole Difference of Latitude 186.6, or divided by 60, 
3° 7’ South. The Latitude sailed from was 2° 7’ North, which, subtracted from the Difference of Lati- 
tude made, gives the Latitude in 1° 0’ South, and the Ship in this case has crossed the Equator. 


CASE VI. 


The Distance and Departure given to find the Course and Difference of Latitude. 


ExameLe—aA Ship from Latitude 1° 0’ South sails between the North and East 396 miles, until her Departure 
is 8350 miles. Required the Course steered and her Latitude in, 
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PLANE SAILING. 2 18 


PROJECTION BY THE PLANE SCALE. 


Draw a horizontal line to represent the parallel of Latitude sailed from. Take the Chord of 60° inthe 
dividers, and with one foot on this line as a centre, make the Are of a circle towards the. righthand 
u pwards, which will represent the North-East quarter ‘of the Compass. Take 90° in the dividers, a vith 
one foot on this line where the Circle joins it, extend the other upwards, and mark the Circle. “A. line 
drawn through this mark to the Centre will form a Right Angle with the other line, and which will rep- 
resent the Meridian sailed from. Lay off the Departure 350 miles from the Meridian towards the right or 
the East, and draw the Meridian come to parallel with the other. Take the Distance, 396 miles, in the 
dividers, "and with one foot on the centre, extend the other, and cut the Meridian come to, which will be the 
Ship’s place. Draw the Rhumb line between the Ship’s place and the centre, and where it cuts the Circle 
will be the Course North 54 Points East, and measured on the line of Rhumbs. Through the Ship’s place 
draw the parallel of Latitude come to, and the space between the parallels is the Difference of Latitude, 
187 miles, or 3° 7’, the Latitude in being 2° 7’ North. 

{n this ease the Ship has crossed the Equator. 

ted 


BY INSPECTION. TRAVERSE TABLES. 


Take half the Distance, 198, and half the Departure, 175. Seek in the Tables till opposite the former, 
the nearest to the latter is found to be 174. 6, adjoining to-which stands half the Difference of Latitude, 
93.3, which doubled is 186.6, or 3° 7’ North, from which subtract the Latitude left, 1° 0’ South, gives the 
TLeatavident in 2° 7’ North, and the Departure being greater than the Difference of Latitude, the oirse is 
found at the bottom of the page to be North 54 Points Kast, or North 62° E. in the Table for Degrees. 


The above Six cases comprehend all the varieties of Plane Sailing, but as it is of great importance to 
have a thorough knowledge of the principles of Plane Sailing before going into the other Sailings, (because 
it is used in all the other Sailings,) and also to exercise the learner in the use of the Traverse Tables, the 
iollowing questions are given for exercise. 

Question 1. A Ship from Latitude 36° 30’ North sails South-West by West 420 miles. Required her 
Latitude in and her Departure from the Meridian. 

Answer. Latitude in 32° 37’ North, and Departure 349° 2' West. 

Question 2. A Ship from Latitude 3° 54’ South sails North- West ? West until her Latitude in is 2° 14 
North. Required her Distance run and Departure made good. 

Answer. Distance 618 miles, and Departure 496.4 West. 

Question 3. A Ship from St. Helena, in Latitude 15° 55'S sailsSouth-South-East 4 East till she has 
made 115 miles of Departure. Required her Latitude in and the Distance run. 

Answer. Latitude in 19° 30’ South, and Distance 244 miles. 

Question 4. A Ship from Latitude 28° 20’ North sails between the North and East 486 miles, and finds 
by Observation that she is in Latitude 32° 17’ North; what Course has she steered, and what Departure 
has she made ? 

Answer. Course N. 61° East, or North-East by East } East nearly, and Departure 425 East. 

Question 5. A Ship sails between the North and West 170 Leagues from a Port in Latitude 38° 42’ 
North until her Departure be 98 leagues. Required her Course and Latitude in. 

Answer. Course North 35° West, or North-West by North ¢ West nearly, and Latitude in 45° 40’ 
North. 

Question 6. A Ship from Sandy Hook in Latitude 40° 28’ North, sails between the South and East until 
her Latitude observed is 38° 20’ North, and having made 100 miles Departure. Required the Course and 
Distance Sailed. 

Answer. Course South 38° East, Distance 163 miles. 

Question. 7. A Ship off Cape Henry i in Latitude 36° 56’. North, is bound to Bermuda, in Latitude 32° 19' 
North, and which lays 552 miles to the Eastward of the Cape. ‘Required her Course and Distance to it. 

Answer. Course South. 63° East, or South-East by East 4 East nearly, and the Distance 618 miles. 

QuesTION 8. Five Days ago we. were in Latitude 3° 10’ North, and. since then have sailed on a South- 
- West. Course, at the rate of 10 Hots an hour. Required the Latitude i in and the Deyatsire made to the 
Westward. 

Answer. The Latitude i in. is 10° 59 South, and the Departure made is 849 to the Westward. 

Question 9. A Ship from Latitude 4° 10’ South is bound to a Port in Latitude 3° 10’ N orth, and bearing 
from the Ship North-North-West. Required how far that Port lies to the Westward, and the Ship’s Dis- 
tance from it. 

Answer. The Port lies 183 miles to the Westward, and the Distance is 478 miles. 

Question 10. Required the Bearing and Distance between Neversink Light in Latitude 40°.24’ North 
and the Island of Porto Rico in Latitude 18° 29’ North, and which lies 413 miles to the Eastward of the 
former. 

Answer. The Bearing is South 17° 30’ East, or South by East + East, and tle Distance 1,380 miles. 


ae 


TRAVERSE SAILING. 


This is a variety of Plane Sailing m which the Sh.p makes two or more Courses in succession, and the 
method of reducing these several Courses and Distan es into a single ourse and Distance is called working 


a Traverse. 
TO WORK A TRAVERSE. 


Make a Table, and divide it into six ‘columns? in the first of these set down the several Courses, and 
opposite to them, in the second column, their corresponding Distances. The third and fourth colamns are to 
be marked North and South at the top, and are to contain the Differences of Latitude. The fifth and sixth 
are to be marked East and West, and to contain the Departures. 

Find the Difference of Latitude and Departure corresponding to each Course and Distance by the method 
of Plane Sailing. Set these down opposite the Distance in their proper coiumns, that is, if the Difference 
of Latitude is north, it must be placed In the North column, and if South in the South column, and that if 
the Departure is Easterly it must be placed in the East column, and if Westerly it must be placed in the 
West column. When the Course is due North, South, East, or West, set down the Distanee in that column 
answering to it. Add up the columns of Northing. Southing, Easting, and Westing, and set down the sum 
of each at the bottom, then the difference between the sums of the North and South eolumns will be the 
whole difference of Latitude made good, of the same name as the greater, and the Difference between the 
sums of the East and West columns i is the whole Departure made good of ‘the same bame as the greater ; 
then with the whole difference of Latitude and Departure made good, find the direet Course and Distanee._ 


EXAMPLE 1, 


A Ship takes her Departure from an Island in Latitude 35° 10’ North, the centre of whieh bore West- 
North-West 10 miles, and sailed on the following Courses; North-East 30 miles, West by North 50 miles, 
South-South-West 36 miles, East 20 miles, South 14 miles, East by North 50 miles, and South-West by 
West 70 miles. Required her Latitude i in, the Course and Distanee made good, and the bearing and Dis- 
tance of the. island. 


TRAVERSE TABLE. 


DIFF. OF LAT. DEPARTURE. 


COURSES. DIST. NORTH. | SOUTH. RAST. west. 
Bearing Wo NeW aah ee es oo SLES ew sts eto! ai « 6) ola a ana a Na 
Opposite Pt. E.S. BE. Ob rie ee cee 3.8 Oke ea 

Ay Res ya ee 5 SE 30 OF RON er crete ran ete te PA Poi ig) Wei A Lad sais 
WwW by Ts weal Ce 50 OE ge PRE CICR SEE RRI Aa | 49.0 
se tet eo, de A 36). TAyees wee BBB Ee 13.8 
Hastie Scie. Soest 90. HR Sea em aes st 30.0.7) ob oe 
Southesaies: 325 03 T45) Pe ee FD Aa ee os Rea eee 
EB. Bye 50 ieaaet 49,0 °1) See 
OD. Were sed win's tis 70° eee BOD ie wast te 58.2 
40.8 90.0 99.4 121.0 
40.8 99.4 
Diff. of Lat. made........ go's as oh 4928. & Dep. made 21.6 
Lat. of the Island....... os eule Age 85 10 N. West. 
Lat. of the Ship, sarc. a). Sid 5 » sient LN, 


With the Difference of Latitude ‘49.2, and Departure 21. 6, seek in the Table Se the nearest corres- 
pouding sums, which are found to be 49. 3 and 22.0, and opposite to them stands the Distance 54, in its 
eolumn, and the Course is found at the top of the page, because the Departure is less than the Differenes 
of Latitude. The Course made good ‘n this ease is South 24° West, or South-South-West + West nearly, 
and the Distance 54 miles. 

The Bearing of the Island from the Ship is just the reverse of the Course made good, that is, North 24° 
East, because “the Departure was taken from it, and the Distance is the same as the “Distance made good by 
the Ship, which is 54 miles. 


TRAVERSE SAILING. 16 


PROJECTION BY THE PLANE SCALE. 


Fie. 12. 
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With the Chord of 60° describe a Circle. Take 90° in the dividers, and mark the circumference of it 
into four equal parts, representing the Points of the Compass, and mark it North at the top, South at the bot- 
tom, East on the Right, and West on the left hand, and mark the Centre as the place of the Island. Take 
the bearing North 6 Points West, in the dividers, from the line of Rhumbs and lay it oft from the North 
towards the West, and draw a line to the Centre, which, prolonged to the opposite side. will pass through 
the Ship’s place to South 6 Points East. Take the distance of the Ship from the Island, 10 miles, in the 
dividers, and lay it off from the centre on this line, which will be the Ship’s place at the time of taking her 
departure. Take 4 Points in the dividers, and lay it off from the North towards the. East, and mark it on 
the Cirele; lay the edge of the parallel ruler over this mark, and that of the Centre, and transfer this 
Course to the Ship’s place, and draw a line in that direction; take 30 miles, in the dividers, and lay it off 
from the Ship’s place of departure on this line, and which will be the Ship’s second place after completing 
her first Course and Distance. ® y 

In like manner, lay off all the other Courses and Distances. Then draw a parallel of Latitude through 
the last place of the Ship, and where it euts the Meridian will be the Difference of Latitude made, 49. 
Draw a line from the Centre to the Ship’s place, and where it cuts the Circle will be the Course made good, 
measured from the South 24° West, and the Distance, 54 miles. - A line drawn. through the. Ship’s place, 
parallel to the Meridian of the Island, will give the Meridian come to, and the space between them is the 
Departure, 22 miles. The bearing of the Island from the Ship is the opposite point to the Course made 
good North 24° East; the Distance from the Island is 54 miles, which is equal to. the Distance made 
good. 


16 TRAVERSE SAILING. 


EXAMPLE 2. 


A Ship from Latitude 48° 10’ North, is bound to a port in Latitude 42° 20’ North, and which lies 50 miles to the 
Westward of the Ship. But by reason of contrary winds, and other causes, she has sailed on the following Courses, 
viz.: N,N. W. $0 miles, E. S. E. 80, South 20, W. 28. 39, S, E. 15, and W. by S. 22. Required the Bearing and 
Distance of the Port from her first position, her Course and Distance made good, her Latitude come to, and the 


Course and Distance to her intended Port. 


TRAVERSE TABLE. 


DIFF. LAT. DEP. 
a To find the Bearing and Distance of the Pert 
COURSES. pIsTt. | NORTH. SOUTH. EAST. WEST. from the Ship’s first position. 
ee ee Lat. of the Ship. ...43° 10’ N. 
ve ‘ we pd 27.7 ee io 11.5 Lat. of the Port... .42 90)' N. 
South. 90s bg OS orga Dae lane eas Diff. Lat... 32. 4..°% 50: Dep. 60, 
w.+¢S. 39 bein Be le 3.8 OR RE 38.8 Gives the Bearing............9- W. 
' ok Wd. Sok a eR ee And the Distance.............70 miles. 
| Weby 8. (22 |...sssss] dB |iseicees) 216 
27.7 50.2 38.5 71,9 
| 27.7 "383 
Diff. Lat................- 2258. and Dep...33.6 W., gives the Course made good, 8. 56° W., or 8S. W. by W 
Lat left: 0... SS ae eee and the Distance 40 miles. 


Lat. come to..........42° 47’. To find the Bearing and Distance of the intended Port: Take the whole 
Diff. of Lat. between the Ship's Ist position and that of the Port, which is 50 miles, and the whole Departure 50. 
From which subtract the Diff. Lat. made good.................23 “ and Dep. made good... .34. 


Leaves the Difference of Latitude tomake..........csecceeceeQ1 and the Dep. to make. 716. 
These agree in the Tables to the Course 31°, or 2% points, nearly, and the Distance 31 miles; and as the intended 
Port lies to the South and West of the Ship, she must steer S. 31° W,, or S. S. W. # W,, 31 miles. 


PROJECTION BY THE PLANE SCALE. 
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TRAVERSE SAILING. 17 


Draw a figure as in the preceding example, the Ship’s position being in the Centre. Draw her parallet 
of Latitude and her Meridian; from the Centre lay off the first Course North 2 Points West 30 miles; lay 
off 6 Points from the South towards the East tor the second Course, and mark it on the Cirele. Lay the 
parallel ruler over this mark and the centre, and transfer this Course to the Ship’s place, and draw a 
line, on which lay off the Distance, 30 miles. Lay off the other Courses and Distances in like manner, 
and at the end of the last one is the Ship’s place. From the Ship’s place draw a line to the Centre, which 
will be the Distance made good. 40 miles, and the Angle which this line makes with the Meridian is the 
Course made good South 5 Points West. Through the Ship’s place,.draw the parallel of Latitude come 
to, and the space between the parallels of Latitude is the difference of Latitude made good, 23 miles. Draw 
a Meridian line through the Ship’s place, and the space between the Meridians is the “Departure made good, 
34 miles. 

Take the Difference of Latitude between the Latitude sailed from, and the Latitude of the intended Port, 
50 miles. Lay this off to the South on the Meridian sailed from, and draw the parallel of Latitude of the 
Port on this line. Lay off 50 miles, which the Port lies west of the Meridian of the Ship, and draw the 
Meridian of the Port ; where these lines intersect each other, is the intended Port. Draw a line between the 
intended Port and the Ship’s place, will give the Distance from it, 31 miles, and the Angle between this 
line and the Meridian of the Ship will be the Course. Lay the ruler along this line, and “transfer it to the 
Centre, and where the edge of the ruler cuts the Circle is the measurement of the Course South 31° West 
to her intended port. Draw a line between the Port and the Ship’s first position in the Centre, will give 
its Distance, 70 miles, and the Angle between this line and the Meridian of the Ship is the bearing of 
the Port, which is South-West. 


EXAMPLE 3. 


A Ship from a Port in Latitude 38° 42’ North, bound to another Port, situated in Latitude. 36° 32’ North, 
and 137 miles to the Eastward, sails on the following Courses; South by West + West 55 miles, South- 
West by South 4 West 37 miles, South 60 miles, East-South-East 40 miles, South-East by South } East 32 
miles. and North-East by East 4 East 58 miles. Required her Course and Distance made good, her pies- 
ent Latitude, and the direct Course and Distance to her intended Port. 

ANSWER. The Course made good is South 23° 30’ East, and the Distance 169 miles. the Latitude in 36° 
7’ North the Course to the intended Port North 70° East, end the Distance 74 miles. 


EXAMPLE 4. 


A Ship takes her Departure from Cape Henry Light House, in Latitude 36° 56’ North, bearing West- 
North-West 7 leagues, bound to the Island of Bermuda, in Latitude 32° 19’ North, and whieh lies. 552 miles 
to the Eastward of the Cape, but by reason of contrary winds has sailed on the following Courses: South- 
East by East 50 miles, South-South-East 40 miles, South 20 miles, East 60 miles, East. by North + North 
30 miles, North-Kast } East 40 miles, and East by South $ South 50 miles. Required the Differenea of 
Latitude and Departure made good, her direet Course and Distance made good, her present Latitude and 
the Bearing and Distance of Bermuda sland. 


Latitude of Cape Henry 36° 56° Ne. 


| COURSES. DIsT. | NORTH. SOUTH. |° EAST. WEST. Latitude of Bermuda... 32 19 N. 
urs = i eae : 7 4e Bie 
ES) Bipot ee. Chae os CP ae aie pa 80 
S. E. by E. jc]? Sim een ianen ama 27.8 ca aden 2 epee ag Whole Diff. of Latitude 277 S., and Dep. 552 E. 
S. S.E. MO NN 37.0 100) hes ...{ Diff of Latitude made.. 73S, and Dep. 244 K. 
South. 20 |... ee eee 20.00 fee vee ee ele e cee ees Leaves Diff of Lat.....2u4 and Dep... .308 miles 
East. CRMC Lo Gigs ioved oS Sele OR «as ieee Samar as to make. » 
KE. by N.4.N.| 30 SO BON EN eins ests One-tenth of these Sums are found to agree 
N. EF. 4.E. 40 254 | veee Uae he BODES] spree Be the nearly to a Course of 56° and the Distance corres- 
E. by. Ss. 4$ ig aarey 3) 2 ea Shea tenes ROE MISS c fs new et ponding 370 miles. : 
ee BAA | 107.8 243.7 of Easting, The true Bearing of Bermuda from the ee 


| . : 841 therefore, South 56° ‘East; ov South-East br 


sen : 1 t il 
‘Difference of Lat. made good i is 782 and Dep. 243.7, gives ee ere lee. 


or 1° 13’ 8, the Course and Dis- 


tance made good E. 
‘Latitude of Gane bia hie .36 56 N. by S 4 Se eee miles,| - 


Latitude of the aac sieges -.35° 43 N. 
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PARALLEL SAILING. 


In Plane Sailing the Earth is considered to be an extended plane, and the Meridians all parallel to eaen 
other, and the length of a Degree everywhere equal, which supposition will give just conclusions, so far as 
the Course, Distance, Difference of Latitude and Departure are concerned; because a Ship, when sailing 
on a Rhumb line, makes equal Angles with the Meridian. 

But as the Earth is a Globe or Sphere, and the Meridians meet at the Poles, it is evident that the Dis- 
tance between any two Meridians must vary in every Latitude ; their greatest Distance being at the Equator, 
‘ on which the Difference of Longitude is measured ; hence the difference of Longitude always exceeds the 
Departure or Meridian Distance, (except on the Equator, where they are the same), in proportion as the 
given places are situated farther from the Equator. 

The following Table, showing the number of Minutes and Seconds contained in each Degree or 60 miles 
ef Longitude for every Degree of Latitude, will be found useful. 


LAT. MIN. SEC. LAT. MIN. 8EC. 


1 59.59 19 56.44 37 47.55 55 34.25 73 17.33 
2 59.58 20 56.23 38 47.15 56 53.80 74 16.33 
3 59.55 21 56.00 39 46.38 57 32.41 75 15.31 
4 59.51 22 55.38 40 45.58 58 31.48 76°. 14.31 
5 59.46 23 55.14 41 45.17 59 30.54 77 13.380 
6. 59.40 24 54.49 42 44.35 60 30.00 78 12.28 
7 59.33 25 54.23 43 43.53 61 29.06 79 11.27 
8 59.25 26 58.56 44 43.10 62 28.10 80 10.25 
9 59.16 27 53.28 45 42.26 63 27.15 81 9.24 
10 59.06 28 52.59 46 41.41 64 26.18 82 8.21 
11 58.54 29 52.29 47 40.55 65 25.22 83 7.19 
12 58.41 30 51.58 48 40.09 66 24.24 84 6.16 
13 58.28 dl 51.26 49 39.22 67 23.26 85 5.14 
14 58.14 | 32 50.53 50 38.44 | 68 22.28 86 4.12 
15 57.58 33 50.19 51 37.46 69 21.30 87 3.09 
16 57.41 34 49.45 52 36.57 70 20.31 88 2.02 
17 57.23 35 49.09 53 36.07 71 19.32 89 1.08 
18 57.04 36 48.33 54 35.18 72 18.33 90 0.00 


Be nae ee 


DIAGRAM 


Showing the Contraction of the Meridians from the Equator towards the Pole, and the Parallels of Lat» 
tude crossing the Meridians. 


=) 
150.165. 180 


Parallel Sailing is the method of finding the Distance between two places in the same Parallel of Latitude 
when their difference of Longitude is known, or of finding the difference of Longitude answering to the 
Distance or Departure made good when a Ship sails due East or West. Distance sailed and Departure are 
the same thing in Parallel Sailing. 

Nore.—This Sailing is particularly useful in making a small or low Island, in which case it is usual to run into the 
ey and then steer East or West, care being taken that the Ship is on the proper side of the Meridian of the 
Island. 


PARALLEL SAILING. 19 


CASE I. 
The Difference of Longitude between two Places, both in one Parallel of Latitude, given, to find their Distance. 


EXAMPLE. 


A Ship in the Latitude of 32° 9’ N. and Longitude 69° 50’ W., and bound to Bermnuda, in the same Latitude, and 
Longitude 64° 50’ W., what distance must she run to the Eastward to arrive at the Island? ' 


BY INSPECTION. 


Sead of stan a Bebe Ea bi | Parallel of Latitude of the Island 32°-9’ N. 
5° 0’ 
60 
; ee Rutxe—Take the Parallel of Latitude 32° asa Course, 
and the Difference of Longitude in miles 300 in the Distance Column, and the Distance (or Departure) 254.4 will 
‘be found in the Latitude Column. The Ship. has, therefore, to run 254 miles to the Eastward to arrive at the 
Island. . 


CASE II. % 
The Distance between two places given, both in the same Parallel of Latitude, to find the Difference of Lon- 
gitude. 
EXAMPLE. 


A Ship from the Island of Bermuda, in Latitude 82° 9’ N. and Longitude 64° 50’ W., sails due W. 254 miles, 
Required her Longitude in. 


Rutr.—Take the Parallel of Latitude 82° as a Course, and the Distance, 254, in the Latitude Column, and the 
Difference of Longitude will be found in the Distance Column, 300 miles. 


Longitude of Bermuda. .64° 50’ W. 
Diff. Long. made 300..—= 5 0 W. 


Longitude in... .69° 50’ W. 


CASE ILI. 


The Difference of Longitude and Distance between two places in the same Parallel of Latitude given, to 
find the Latitude of that Parallel. 


EXAMPLE. 


A Ship sails due East 254 miles, and then finds she has altered her Longitude 300 miles. Required the Parallel 
of Latitude she sailed in. 


Rutre.—Seek in the Tables until the Difference of Longitude, 300, is found in the Distance Column, and the Distance 
sailed, 254, is found in the Latitude Column; then the Course 32°, at the top of the page, will be the Parallel of 
Latitude sailed in, because 254 is found in the Column headed Latitude at.the top of the page. 

QUESTION FOR EXERCISE. 


A Ship from Latitude 48° 89’ N. and Longitude 60° 10’ W., sails due West 350 miles. Required her Longitude in. 


With Latitude 48°, and half the Distance, 175, (the whole being too great for the Tables,) in the Lati- — 


tude Column, I find half the Difference of Longitude, 262, in the Distance Column. Then, with Latitude 
49° as a Course, and Distance 175 in the Latitude column, I find 267 in the Distance column. ‘Add these 
Differences of Longitude together, and take their half Sum for the Difference of Longit ide, corresponding to 
the Latitude 48° 30’, which doubled will give the required Difference of Longitude, 529=8° 49’ W. and 
Longitude in 68° 59’ W., as follows : . ‘ 

r Latitude 48° difference Longitude 262 


&. | Le, . ae Latityde 49° difference Longitude 267 | 
glia. : | )529 
Half Difference of Longitude..... 264.5 
2 


Whole Difference of Longitude. 529.0 miles,-~ = 
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MIDDLE LATITUDE SAILING. 


This method is founded upon'the same principle as Parallel Sailing: that is, of converting the Depart- 
ure into Difference of Langitude, and Difference of Longitude into Departure. When the Ship’s Course 
lies obliquely across the meridians, that is, when, besides Departure, she makes Difference of Latitude. she 
leaves a certain Parallel of Latitude and arrives at another, the Space or Departure between the Meridians 
sailed from and come to differ, the one being greater than-the other, and it is evident neither of these 
Departures can be used singly, to find the Difference of Longitude. 

But if we take the Midd@gParallel of Latitude between the Latitudes sailed from and come to, we get 
the middle Departure between them: In the greater Latitude the Departure is less. and in the less Lati- 
tude the Departure is greater, than the Departure corresponding to the Middle Latitude. Hence this 
method, which is compounded of Plane and Parallel Sailings, is called Mipp.e LarirupE Sarine. 

The Middle Latitude is half the Sum of the two Latitudes when they are of the same name. Near the 
Equator, when the Latitudes are of contrary names, no sensible error can arise from taking the Departure 
itself, made good from day to day as the Difference of Longitude, because the Degrees of Latitude and Lon- 
gitude are of the same length on the Equator, and the Jatter is only diminished by 1 mile at the 10th 
Parallel of Latitude; therefore in practice at Sea, Longitude and Departure may be considered the same for 
several Degrees on each side of the Equator. . 

In using the Traverse Tables, it is enough to take the Latitude for the nearest Degree. 

In greater distances between places whose Latitudes are of contrary names, the proper rule 1s to take 
half the greater Latitude as the Middle Latitude.* (See the annexed Diagram.) _ 

The Difference of Longitude found by this Sailing is true at the Equator, and very nearly true for short 
distances in all Latitudes, especially when the course is nearly East or West. In High Latitudes, when 
the Distance is great and the Course oblique, the error becomes considerable ; but the-result may be made 
nearly true by subdividing the Distance Sailed into small portions, and finding the Difference of Longitude 
for each portion separately, and then adding the whole together. 

In like manner the Bearing and Distance between places near the Equator by this Sailing are correct. 
But in High Latitudes the result cannot be rendered accurate by subdividing the Distance into small por- 
lions, as above, because it is not known. Such cases are truly solved by Mercator’s Sailing 


DIAGRAM, 
Showing the Middle Latitude between the Parallels of Latitude North and South of the Equator 


Fie. 15 


4k 


eee ens 


* Or add together the half of the.greater Latitude to the half of the less Latitude, and their half sum will be the 
Middle Latitude required. See a's> the Note at page 28. 
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CASE I. ; 
One Latitude and Longitude, Course and Distance given, to find the Difference of Latitude and Longitude. 


: EXAMPLE 1. 


A Ship from Latitude 52° 6’ N. and Longitude 35° 6’ W.. sailed S. W. by W. 256 miles. Required her Latitude 
and Longitude in. . 


Course S. 5 pts. W. “ : , 
Distance 256 miles, { gives the Diff Lat. )142 and the Dep. 212.9, the half, 106.4, taken in the Latitude 


Sn 2 ee et 142 8. Diff Lat...2° 22’ §, Col. of Mid. Lat. 51° as a Course, then Half Diff. of 
3 aoe: ~\sieeeas °13W. Lat 18 59° 6’ N, Long. is found in the Dist. Column to be 169 
iy ee aie 49° 44’ N. Lat. in. 49° 44’ ti 
Diff Long... . 5° 38’ W Sum...101 .50 3838 
; onitls j —, Diff. Long. made... 5° 38’ W. 
Long. in.,.. 40° 44 3p Mid. Lat. 50° 55 Long. left........ 85 6 W. 
Long. 40; a... 0). 40° 44’ W. 


The Difference of Latitude and Departure are found as in Plane Sailing. The Latitude in, and thence 
the Middle Latitude, by adding the two Latitudes together, and taking their half Sum for the Middle Lati- 
tude. The Departure being too great for the Tables, the half is taken. Then, with Middle Latitude as a 
Course and half the Departure in the Latitude column, half the Difference of Longitude is found in the 
Distance column. This being doubled and divided by 60 gives Degrees and Minutes. Ship in West Lon- 
gitude sailing West, add Difference of Longitude to Longitude left. 

This is the usual case at Sea in working a day’s work. 


Two Latitudes and Course given, to find the Distance and Difference of Longitude. 
EXAMPLE 2. 


A Ship from Latitude 49° 44’ N. and Longitude 40° 44’ W., sails N. E. by E. until by observation she is iu Lati- 
tude 52° 6’ N. Required her Distance run and Longitude in. 


Course N. 5 pts. E. Lat. left....49° 44’ N, nat, Jeft....49° 44’ N. 
Dist... ... 256 Lat. in .... 52° 6 N, Dat. in... 2 525 Loa N. 
x, Diff. Lat... 142.N. 2°, 22 Bum... ... 101 .50 
& f a 
= .Dep....... 213 E. CUS Mid. Lat... .50° 55’ 
: Lat. Ob. 52° 6’ N. Course 5 pts. and 142 Difference Latitude in its column gives the Dep. )218 and Dist. 256, 
A Diff Long. 5° 88" E. Mid. Lat. 51° as a Course, and half the Departure,............ 106.5 in the Lat 
Lon, in. .85° 6’W. Column, half the Diff. of Long. is found in the Dist. Column to be 169 


9 


| Ya38 
Diff. of Long..... 5° 38’ E. 
Long. left..,.... 40 44: W. 
Long. in: ..., Foe BDy, 4a Ws 


In a fast-sailing ship, where it is found difficult to measure the Ship’s rate of sailing. by the Log, this 
Example may be used with advantage. 


Two Latitudes and Distance given, to find the Course and Difference of Longitude. 
EXAMPLE 3. 
A Ship from Latitude 8° 20’ N. and Longitude 22° 30’ W., runs for 4-days between the South and West, at the 


rate of 10 knots an hour, and then by observation finds her Latitude to be 10° 40'S. Requred the Course and the 
Longitude in. . ~ ' oo rae ok 


Lat. left.... 8° 20'N. Greater Lat......10° 40’ S.°\Rur.. 4 days. 
Course ....8.29° W.  Lat.in.... 10 40 S. The half of which, 5° 20’ a Lo pai 
Dist. .43 vs see GOO _ Diff. of Lat. 14° 0’ . -. to be taken as Mid. Lat... .. 296 hours, 
Diff. Lat... .. 840.8. . 60 


. _. ......10 knots an hour. 
Dep.. <: ae ee 465 W. The 10th part of 840 Differ. Latitude and 10th part of the Distance, 960, are fcund to 
Lat in....10° 40’ S. agree at Course 8. 29° W,, and gives the tenth part of the Departure 46.5, then with 
Diff. Long.. 7 47 W. half the greater Lat. 5° for the Middle Latitude as a Course, and the ti nth part of the 
Long. in. .80 17° W. Dep., 46.5, in the Latitude column, the tenth part of the Diff. of Long. is found in the 
Distance column to be 46.7, and the whole is )467 aoarert 4 

Diff. Long. 147" W. 

Long. left 22 30 W. 

Long. in 30° 17’ W. 


Suvunary. 


By this Example it appears that there are only 2 miles difference between the Departure and the Mffer 
ence of Longitude as found in the run of nearly 1000 miles. 
: 


* 
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One Latitude, Course and Distance given in a Hich Latitude, to find the Latitude and Longitude wn. — 
EXAMPLE 4. 
A Ship from Latitude 58° 80’ S. and Longitude 178° 10’ W., sails S. W. by W. 800 miles, Required her Corr ect 


Latitude and Longitude in. By taking Short Distances run, and also the same by the Whole Distance run, in the 
usual way. 5 


TRAVERSE TABLE. . . . \ LONGITUDE TABLE. 


Course. ist. ; Lat, Left. Lat. in. Mid. Lat. |Dif. Long. made. 


58° 30° Pe BRAGS! 58° 44! 80' 
58 58 59 26 59 12 81 
59 26 59 54 59 40 82 
- 59 54: 60 22 60 8 83 
60 22 60 50 60 386 84 
60 50 61 18 61 4 86 


S. W. by W. 300 ma=1668 )249.6 _ Summary, )496’ 


Diff. Lat. 2° 47’ S. Dep. 124.8 Wn2495 Course..S. W. by W.. "Diff. of Long. 8° 16’ W. 
Lat. left 58° 30' S. 2 Dist Long. left. .178° 10’. W. 
Lat. in 61° TT" 8. 74990 Diff. Lat... .. - 186° 26° 
119° 47’ Diff. Long.. .8° 19 -W: Dep.- vs. 0 250 360° 0’ 
Mid, Lat. 59° 654’ i 61°17" S.. Long. in... 178° 34’ 
The Short Distances give Diff. Long....8° 16’ W. 


Whole Distance d 8° 19’ W. 
Long. in is " E. 


In this Example, by taking Short Distances on the same Course and finding the Difference of Longitude 
corresponding to each, and adding the whole together, there appears to be a difference of 3 miles between 
that and the Difference of Longitude found from the whole Course and Distance, the former being the correct 
Difference of Longitude, the Distance in this Example not. being great. 


One Latitude, Course and Departure given, to find the Latitude and Longitudein. 
DAAMPLE 5. 


A Ship from Latitude 38° 40’ S. and Longitude 1° 15’ W., sails N. E. 4 E. until her Departure is 250 miles. 
Required the Latitude and Longitude in, 


Course... .44 pts. and half the Departure, 125, . gives half the Dist. 162, and half Diff Lat. 102.8 
2 


2 
s Dist... 324 Dist. 824 - Diff Lat. )205.6 
= Diff. Lat.. .206 Mid. Lat. 87° and half the Dep, 125==D. Long. 157 3° 26' N. 
Been... 250 2. Lat. left. .... 88° 40’ S. 
& Lat. in...35° 14’ 9, )314 Lath. 3200. 35° 14’ 8, 
Diff. Long. 5° 14’ E. Diff. of Long...5° 14’ E, Cae ea 78° 54’ 
Long. in. .8° 59’ E. Long. left ..... he 1° 15' Wik. ah Mid Slaat in... “B6° 51 


é 


Long. in...... 8° B° 59! EK. 


QUESTIONS FOR EXERCISE. 


Question 1—A Ship from Latitude 25° 35’ N. and Longitude 60° W., sails N.N. E. 296 miles. Re- 
quired her Latitude and Longitude in. 
Answer.—Latitude in 30° 9’ N. and Longitude 57° 52’ W. 


Ques. 2.—A Ship from Latitude 3°10" N. and Longitude 25° 0’ W. sails on a S. W. by S. Course untii 
her Latitude observed was 2° 16'S. Required the Distance run and Longitude in. 
Ans.—The Distance run is 392 miles and the Longitude in 28° 38’ Ww. 


Ques. 3.—A Ship from Latitude 30° 15’ S. and Longitude 178° 10’ E., sails ona N. E. Course until her 


Departure is 150 miles. Required the Distance run and the Latitude and Longitude in. 
Ans.—Distance sailed 212 miles, Latitude in 27° 45’ S. and Longitude in 178° 58' W. 


Ques. 4.—A Ship from Sandy Hook, in Latitude 40° 28’ N. and Longitude 74° 0’ W., sails Betareen the 
South and East until her Latitude observed is 37° 6’ N. and her Departure made good I is 500 miles, Re 
quired the Course and Distance sailed and the Longitude in. . 

Ans.—Course 8. 68° E., Distance 540 miles, and the Longitude in 63° 16° W. 
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CASE II. 
Two L *tudes and Longitudes given, to find the Bearing and Distance. 
EXAMPLE 1. 


Required the Bearing and Distance between Cape Henry, in Latitude 86° 56’ N. and Longitude 76° 0’ W., and 
the Island of Bermuda, in Latitude 32° 18’ N. and Longitude 64° 50’ W. . 


Lat. Cape Henry. ...36° 56'N. 36° 56’ N. . -. Long. of Cape Henry...76° 0° W. 
Lat. Bermuda....... 32 18 N. 32.18 N. Long. of Bermuda.... 64 50 W. 
4° 38' 69° 14’ 11° 10 
GAY se 34° 34! Middle Latitude. 60 
Diff. Lat. in miles..... 278 Diff. Long. in miles... 670 


Ruix.— With Middle Latitude 34° 80’ as a Course, taken out first with 34° and then with 35°, and the tenth part 
of the Difference of Longitude, 67.0, in the Distance Columns, the tenth part of the Mean Departure, 55.2, will be 
found in the Latitude Columns.» Then with this Departure, 55.2, and the tenth part of the Difference of Latitude, 
27.8, enter the Tables again, and-where they are found to agree in their columns, gives the Course at the bottom 
of the page, 68°, because the Departure is greater than the Difference of Latitude, and the corresponding Distance 
oppusite is 61.5, which multiplied by 10 gives the Whole Distance, 615 miles. 

Hence the Bearing of Bermuda from the Cape is 8. 63° E., because the Latitude and Longitude of the former is 
to the Southward and Eastward of the latter, and the Distance beween them is 615 miles. 


Two Latitudes and Longitudes given, to find the Course, Distance and Departure. 


EXAMPLE 2. 


A Ship from Latitude 80° 15’ N. and Longitude 45° 20’ W., sails between the North and West until by observa- 
tion she is in Latitude 33° 45’ N. and Longitude 50° 10’ W. Required the Course and Distance made good, and her 
Departure from the Meridian. 


‘= Course: ..N.50°°W. °~ Lat. Teft:..330° 15° Novo... ete ct cere tate Long. left. ...45° 20° W. 
= Dist.zs 5 63822 2 4 » Latvin +... 383° 45 N.> “Latileft); 380° 15’ No «Long. in'.'.750° 10" W. 
Diff. Lat..210 3° 30" Lat. in.....33 45 N. Die Long.....4° 60’ 
wm  Dep..... 246 60 So Boles 64 .0 60 
Diff. Lat....210 N. Mid. Lat... . 32° : as a’Course, and 290 in the Distance 


evlumn gives the Departure in the Latitude column 245.9. Then with half the Difference of Lati- 
tude, 105, and half the Departure, 1238, found in their columns, where they agree nearest, and the Course must be 
taken from the bottom of the page at 50°, (because the Departure is greater than the Difference of Latitude,) and half 
the Distance is found opposite to be 161, which doubled gives 322 miles.. Hence the True Course and Distance 
sailed is N. 50° W., or N. W. 4. W., 822 miles, and the Departure from the Meridian 246 miles. : 


One Latitude and Longitude, with the Difference-of Latitude and Departure given, to find the Latitude and 
Longitude in, and the Bearing and Distance of the Intended Port. 


EXAMPLE 3. 


A Ship from Montauk Point, in Lat. 41° 4’ N. and Longitude 71° 51’ W., and bound to Santa Cruz (one of the 
Cape Verd Islands)-in Latitude 17° 2’ N. and Longitude 25° 15’ W., sails between the South and Kast until she has 
made 300 leagues of Southing and 400 leagues of Easting. Kequired the Latitude and Longitude in, and the 
Course and Distance to her intended port. 


Course..S. 58° E. Diff. Lat, 300 Leagues. Dep. 400 Leagues. 
ss 3 


Dist. 1500 miles sailed. 3 . . 
Diff. Lat. in miles...... __) 900° Dep. in miles.1200 The tenth part of the Departure, 120, found 
Daretiat. oS Oa RR OS) ck in the Lat. column, of the Middle Latitude, 
Lat. Montauk’ Point..41 4 N. - 95 4 1088, gives:the 10th part of the Diff. Long. in 
Lat: of the Shi 06° "aN ; grb hess Dist. eolumn, 143: | Middle Lat: 34°, in like 
ae ee ener Se f manner gives 145, the ‘mean of which is 144; 
Sum teste eeees A ey i+. + this multiplied by 10 gives the proper 
Mids Eat.re sgieee. (83° 34! Diff. of Long.)1440 miles. 
Lat. of the Ship 26° 4’ N......... bans . ait) (DME Long. 5% Svetase.. 24%. Oink 
“ Santa Cruz 17 2’N. Lat. 26° 4’ N. ‘Long. of Ship 47° 51’ W, Long. of Montauk Point. 71 51 W. 
Diff. Lat....... 9°. 9! Lat.17 2 N. | “SantaCruz 25 15 W. Long. of the Ship .....247° 51° W. © 
60 Sum 43° 6’ | Diff. Long.. ..22° 36’ 


—<- 


60 with Mid. Lat.21° and 22°, and the tenth part of the 

| Diff. Long. 135.6 in the Dist. column, the tenth part of the Departure 
126, is found in the Lat: column. . Then with the tenth part of the Difference Latitude 54.2, and the Departure 126, 
the Course to Santa Cruz is found to be 8. 67° E. or E. S. E, and the Distance 1370 miles. 


Diff. Lat..... 542 Mid. Lat, 21° 83 


Note.—The rule in the Epitomes, which directs that half the Difference of Latitude between two places on opposite 
sides of the Equator must be used: for the Middle Latitude, being incorrect, (as may be perceived by inspecting Fig. 15, 
page 20,) the deficiency is stpplied by the following Rule: (See Example 4, which is worked out in the following page.) 
Add the half of the Greater Patitads to the half of the Less Latitude, and take their half Sum for the Middle Latitude. 
If one Latitude be great and the other small, take the half of the Greater Latitude alone for the Middle Latitude. ‘The 
Example referred to comes out exactly the same by Mercator’s Sailing, which proves this Rule to be correct. But when 
the Ship sails a greater distance on one side of the Equator than on the other, a greater weight should be given to that 
Latitude which corresponds to the greater distance. (See the Last Example in this Sailing.) 
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Two Places, whose Latitudes and Longitudes are of contrary names, given, to find the correct Bearing and 
Distance between them. 


EXAMPLE 4. 


Required the Bearing and Distance between New York, in Latitude 40° 43’ N. and Longitude 74° 0’ W., and tha 
Cape of Good Hope, in Latitude 34° 29’ S. and Longitude 18° 30' E. 
Lat. of New York... .40° 43’ N. Half of the greater Lat.....20° 21’ Long. of New York....74° 0’ W. 
“ Cape G. Hope.. 34 22 Ss. 5 Jean Baek. 2b. e2: en T7e lis “ Cape Good Hope.18 18 80 E. 
T7505 Sites cvs eee eo ne iets Re 87° 32’ 92° 30’ 
_ 60° Half Sum for Mid. Lat... ..18° 46” Kad 
Diff. Lat. in miles... .4505 Diff. Long. in miles... .5559 


In this Example we have to take the 100th part of these Sums to get into the Tables, as follows: With 
Middle Latitude 19° as a Course, and the 100th part of the Difference of Longitude, 55.5, in the Distance 
Column. By taking parts we get the Departure in the Latitude Column, 52.45. Then with this Departure 
and the 100th part of the Difference of Latitude, 45.05, enter the Table again, and they are found to agree 
to the Course 49°, and Distance 69°. Multiply ‘this Distance by 100, which is the Distance required. 

Hence the Bearing of the Cape from New York is 8. 49° E., or S. E. +E., nearly, and that of New York 
from the Cape N. 49° W., or N. W. 4 W. Distance 6900 miles. 

This Example, worked by Mercator Sailing, comes out the same as above ; but by the Old Rule, half the 
Difference of the Latitudes in this case would be 3° 10’ for the Middle Latitude ; which is manifestly 
incorrect. 


The following Example, though not of much practical utility, may exercise the learner. 
EXAMPLE 5. 


A Ship from 36° 32' North Latitude, sails between the Soutn and West until she has made 480 miles of Departure 
and 560 miles Difference of Longitude. Required her present Latitude, Course steered and Distance run. 


Rure.—Enter the Table with the 10th part of the Departure, 48, in the Latitude Column, and the 10th part of 
the Difference of Longitude, 56, in the Distance’ Column, they are found to agree to the Course at the- Top of 
the page, 31°, and which is the Middle Latitude the ship has sailed in. Take “the Difference between this Middle 
Latitude and ‘the Latitude left, which is 5° 82’, and subtract it from the Middle Latitude, because the ship 
has been sailing South, will give the present Latitude, 25° 28’ N. 

Take the Difference between the Latitudes ‘sailed from and come to, which is 664, and the Departure, 480, 
enter the Tables with the tenth part of the Difference of Latitude, 66.4, and the Departure, 48,0, found in their 
respective columns, the Course is found to be 86°, and the Distance 82, which multiplied by 10 gives 820. | Hence 
the Latitude in is 25° 28’ N., and the Course S. 36° W., or S. W. 28S, Distance 820 miles. 


Diff. Long. 56 and Dep. gives the Mid. Lat, 31° 0’ Lat. left. .86° 32’ N. 
Lat. left..86 82’ Lat. in...25 28 N. 


Difk between Mid. Lat. and Lat. left...... , 5° 82'N. Wi. a 
Mid. Lat..31 0 60 


Lat. in. ..25° 28’ N. ’ Diff, Lat. 664 and Dep. 480—Course 8. 36° W., Dist. 820 m. 


QUESTIONS FOR EXERCISE. 


Question 1.—A_ Ship from Latitude 60° 10’ N. and Longitude 30° 15’ W., is bound to a Port-in Latitude 
49° 10’ N. and Longitude 50° 10’ W.. Required the Course and Distance. . 
Answer-—The Course is S. 46° W.., or 8S. W., nearly. Distance 950. - 


Ris 4s 


Anis: —The Course i is $. 35° W., or S. W. by S., BRE and Distance 1685 miles.’ 


Ques. 3 —Required the Bearing and Distance between the Cape Verd Islands, (say Cape St. Anthony,; 
in Latitude 17° 12' N. and Longitude 25° 19’ W., and the Island of St. Helena, in Latitude 15° 55’ S. and 
5° 45’ West Longitude. 

Ans.—Bearing is S. 30° 30’ E., and Distance 2300 miles. 


Ques. 4. —Required the Bearing and Distance between Cape Horn, in the Latitude of 55° 59! Ss. and Lon. 
gitude 67° 16’ W., and San Francisco, in Latitude 37° 48’ N. and Longitude 122° 21’ W. 
Ans.—The Bearing i is N. 27° W.,, and the Distance 6310 miles. 


Nors.—In the last Example, half the greater Latitude is taken as a Middie Latitude, and which is increased by 2°, 
because the greatest distance had to be run to the Southward of the Equator. The Middle Latitude allowed is 80. 
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MERCATOR’S SAILING. 


This Sailing is used for the same purposes as Middle Latitude Sailing, and is more correct in long 
distances, except when the Course is large; that is, near the East or West points. 

Mereator Sailing is the Art of finding on a Plane Surface the position of a Ship, which shall be true in 
Course, Distance, Latitude and Longitude. 

This method is derived from the Projection of Mércator’s Chart, in which the Degrees of Longitude are 
every where equal, the Degrees of Latitude expand towards the Poles, and the Parallels, Meridians, and 
Rhumb Lines are all represented by straight lines. In Middle Latitude Sailing the Meridians contract 
and meet at the Poles, and the length of the Degrees of Longitude also decrease from the Equator towards 
the Poles. But in Mercator Sailing the Meridians are all parallel to each other. and a Degree of Longitude 
is 60 miles in length, measured on the Equator, in all parts of the World. To remedy this, the Degrees 
of Latitude are expanded from the Equator towards the Poles, and the miles of Latitude grow larger ; so that 
in the Latitude of 60° the miles of Latitude are twice the length they are on the Equator, and. the Degree 
of Longitude is only 30 of these miles long ; near the Pole one mile of Latitude is nearly the length of 60 
miles on the Equator, and the Degree of Longitude only 1 mile long. But as the Polar Seas are not navi- 
gable much above 80°, Charts or Tables on this projection are rarely published beyond that parallel. 


DIAGRAM OF MERCATOR’S SAILING, 


Showing the Expansion of the Parallels of Latitude for every 10 Degrees, and the Meridians (or Parallels 
" of Longitude) all Parallel to each other at 10 Degrees Distance. 


Fie. 16. 


EWES T tOun G2 PERCE eS ; BASS y LO NG: ® 
“80° 70 60 50. 40... £ Z é “40-5. 20 ° 39 40 50-2,60 5 90. = 80" 4 


eer 


ea 
80 70 60 50 40 a 50 60 70 80 
“WEST. LON CP fay . EAST “LONGP 


PROJECTED BY THE FOLLOWING TABLE, 
And the Measurements taken from the Degrees on the Equator. 
From the Equator to Lat. 10° the Expansion is 0° 3’ Distance of 1st Parallel from the Equator i is 10° 3! 


From Lat. 10° to 20 s 0 25 2d ik 20 25 
<3 20 ,to 30 s I eA. ne . 8d s ss 31 28 
st 30 to 40 a: 38 438 “6 4th + we 43 438 
5 40 to 50 + "54 . 5th : o 57 54 
. 50 to 60 ¥ hée 22) Be 6th « 75 27 
se 60 to 70 “ 29 26 ee "th 4, ce 99 26 
Ur 70 to 80 S 59 35 BF cg 8th 1389 35 


Nore.—The Calculations in this Sailing are pertormed by the help of a Table of Meridianal Parts, (Table III.,) show- 
ing the Expansion of the miles of Latitude from the Equator towards the Poles. 

To find the Meridianal Difference of Latitude. When the Latitudes are of the same name, take the difference of the 
Meridianal Parts for the two Latitudes. When of contrary rames, take the sam of the Meridianal Parts, 


26 MERCATOR’S SAILING. 
CASE I. 
One Latitude and Longitude, Course and Distance given, to find the Latitude and Longitude on. 
EXAMPLE 1. 


A Ship from Latitude 52° 6’ N. and Longitude 35° 6’ W., sails S. W. by W. 256 miles. Required her Latitude 
and Longitude in. 


Here, as in Middle Latitude Sailing, the Difference of Latitude and Departure are found from the Course 
and Distance by the rules in Plane Sailing. 


Course S. 5 pts. W., 
and Distance 256 miles gives the Difference of Lat, )142 and the Dep. 213. 


Diff. Lat. in Degrees. .... 2° 22’ 8. 
Dat. Letu ogres S's, 65s eta 62)..:67 Nees: < Meridianal parts... .8675 t Table IIT 
Meat. Dis <sigie is trates oe .49° 44’ N......Meridianal parts... /3450 


Rute.— With the Course.5 points, and the Meridianal Difference of Latitude: 225 in the Differenca 
of Latitude column, (here we find it to be too great for the Tables,) we take the half, 112.5. Then half the Diff. of 
Longitude. 168.8, is found against it in the Dep. Column, which doubled gives the whole Diff. of Long. )337.6 


Diff. of Long. SURRMET eee seek ek teases cs ccaedes ed Coes bis 's: >, ox wie 3° Shp anes 5° 38’ W 
Long. lef. 2k canna om emilee «due era” pads ath ich ayaliw the dala Xie. oS: 5 AbENe be aes Ra 35° 6’ W. + 
Long. in. sss sa  weeeainy Ub tebe WAS We Ai 5d eb) in ip’ oP 'a hey oe ALA Re Sige ee 40° 44’ W 


Two Latitudes and Course given, to find the Distance and Difference of Longitude. 
| EXAMPLE 2. 


A Ship from Latitude 49°44" N.-and Longitude 40° 44’ W., sails N. E. by E. until by observation she is in Lati- 
tude 52° 6’ N... Required her Distance run and Longitude in. 


Lat. lefts «eve veseeveees A! ha Neo MSri pariags ss. ke eS 3450 

Juang, IN). dk Betb wal dace 6! N...Merid. parts.................8675 

DUT. Lats, craibne Sass wisieis a °29")N) Merid, Diff. Lat. ........... 2968 
60 , 112.5 


Roure— With the Course 5 pts. and the Diff. of Lat. 142 in its column, then opposite to it in the Dist. Column stands 
the Distance, 256. miles. Again, with the same Course, 5 points, and half the Merid. Diff. of Latitude, 112.5, taken 
in the Latitude column, then half the Difference of Longitude, 168.8, is found in the Departure column, which doubled 


gives the whole Difference of Longitude, 337.6, UPA Se nee vies nee en 5° 38’ E. 
Long. left Pr ee ee ee eeseoenetease eoeereeeresnerceeeoeeree seen eseee 40° 44' W. 
Distance sailed, 256 miles, ial PONS’, oS Sasiee hs Boos A eRe: cares 35° 6! W. 


‘Two Latitudes. and Distance given, to find the Course and Difference of Longitude. 
EXAMPLE 3. 
A Ship from Latitude 3°.20' N.and Longitude 22° 30’. W., runs: 4 days between the South: and West until her 


Latitude observed is 10° 40'S. Her rate of sailing was 10. knots an. hour... Required the Course she has made and 
her Longitude in. . 


DOT. this, inne ws reach oe ek ee ES sieve 3°20’ N. | Merid. parts. ..... 200 Run of 4 days. 
pI Bb aae a Sd es ae ee obi ios ALOF, 40’ S.. . =} Merid. parts.... 644. 94 hours. 
Diff of Titi. eveee ea pevreeereres en ees ee ee ee 142. . Ole~ Mer. Diff Bat. <: 844 96 hours. 

_ 60° 10 knots. 


Rute.—Enter the Table with the tenth part of Diff. Lat., 84:0, and the tenth part of the Distance, 96.0 miles,and 
they will be. found:to agree at Course 29°... Again, with the same Course, 29°, and the tenth part of the Meridianal 
Ditference of Latitude, 844, in the Latitude column, ‘then the tenth part. of the Difference of Longitude i is found ia 
the Departure column 47, which fee tan by. 10 gives, 4 470, the whole-Difference of Longitude. 

Diff. Long. in Degrees. . Re IT 50’ W. 

Tony. left. 5c o#es sain a aeons By Pe « 22° 30’ W. 

The Course steered is S. 29° W. and Lodigitiide th in. .80° 20’ W. 


Norr.—The above three Examples are the same as are used in Middle Latitude Sailing, and the answers come out 
the same by Mercator’s, and all the others may be done in the same way ; observing that we must use the Two Terms 
given, as in a case of Plane Sailing. Then with the Course made good, and the Meridianal Difference of Latitude found 
in the Latitude column, the Difference of Longitude required is found opposite to it, in the Departure column. 


EXAMPLE 4, 


A Ship from Latitude 38° 40’ S. and: Longitude 1° 15’ W,, sails N. E. 4 E. until her Departure is 250 miles, 
Required the Latitude and Longitude in. 

The Course 4} points, and half the Departure, 125, in its column, half the Difference of Latitude is found to be 
102.8 in its column, which doubled gives 205.6, or 3° 26’, and the Latitude in 35° 14’ S. Find the Meridianal Differ 
ence of Latitude, which is 258. Then with the aame Course, 44 points, and half the. Meridianal Difference of Lati- 
tude, 129, half the Difference of Longitude, 156.9, is found in the Depart eolumn, The whole Difference of 
Longitude i is 318.8, or 5° 14’, and the Longitude in 3° 59’ East. 
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CASE II. 
Two Lati:udes and Longitudes given, to find the Bearing and Distance. 


EXAMPLE 1. 


Required the Bearing and Distance of Cape Henry, in Latitude 36° 56’ N., and Longitude 76° 0’ W., and the Island 
of Bermuda, in Latitude 32° 18’ N., and Longitude 64° 50’ W. 


Lat. of Cape Henry........36° 56’ N. Merid. parts........28388 Long......... 76° 00° W. 

Lat. of Bermuda .........- 32 18 N. Merid. parts........ 2050. chong) sia «hie 64 50 W. 
4° 38 Merid. diff. Lat ...... 388 S. LLG We 
60 60 

Diff. of Lat. in miles ....... 278 Diff. Long. in miles 670 


Rutr.—Seek in the Tables with the tenth part of the Meridian Difference of Latitude 38.8, and the tenth part of 
the Difference of Longitude 67.0 until they are found to agree in the Latitude and Departure columns, as if they 
were Difference of Latitude and Departure. If the Difference of Longitude be greater than the Meridian Difference 
- of Latitude, the Course must be taken from the bottom of the page, but if dess, from the top. They are found to 
agree in this case nearly to the Course, 63°. Then, with the tenth part of the proper Difference of Latitude, 27.8, 
in its column on the same page, will be found opposite to it, in the Distance column, the tenth part of the Distance, 
61.5, which, multiplied by 10, gives the whole Distance, 615 miles. Hence, the Bearing is South 68° East, because 
Bermuda lies towards the South and East from the Cape, and the Distance is 615 miles. 


Two Latitudes and Longitudes given, to find the Course and Distance. 


EXAMPLE 2. 


A Ship from Latitude 30° 15’ N., and Longitude 45° 20’ W., sails between the North and West until, by observa- 
tion, she is in Latitude 33° 45’ North, and Longitude 50° 10’ West. Required the Course and Distance made geod. 


Lat. left. ........80° 15’ N.. Merid. parts....... 0+: 1906 Long. left........ 45° 20’ W. 
Tatty Ata iers wivate'> » 338 45 N. Merid. parts........ 2163. Long ingaoices at 50 10 W. 
3° 30’ N. Merid. Diff Lat. .... 247 4° 50’ W. 

60 : 60 

Diff. Lat. in miles... 210 Diff. Long. in miles. ..290 


Rutze—Seek in the Table, with half the Meridian Difference of Latitude, 123.5, and half the Difference of Loa- 
zitude, 145, and the nearest are found together at the Course 50°. Again, with this Course, 50°, and half the Differ- 
ence of Latitude, 105, found in its column, then half the Distance is found opposite to it in the Distance column, 163, 
which doubled, gives the whole Distance 826 miles. 

Hence, the Course made good is N. 50° W., or N. W. 4 W. nearly. Distance 326 miles. 


* no Places, whose Latitudes and Longitudes are of contrary names, given, to find their Bearing and Distance 
. between them. 


oe 


EXAMPLE 3 


Required the Bearing and Distance between New York, in Latitude 40° 43’ North, and Longitude 74° 0’ West,. 
t2-d the Cape of Good Hope, in Latitude 34° 22’ S., and Longitude 18° 30’ E. 


Lat. of New York....... .40° 43’ N.. Merid. parts........2679 Long. of New York........ 74° 00’ W. 
Lat. of Cape Good Hope.34 22 S. Merid. parts........ 2198 Long. of Cape Good Hope ..18 380 E. 
75° 05’ — Merid. Diff. Lat...... 4877 92° 30’ 
60 60 
Diff. Lat. in miles... .... 4505 : Diff. Long. in miles ........5550 


Rete—Take the 100th part of the Meridian Difference of Latitude, 48.77, and the 100th part of the Difference 
of Longitude, 55.50, and seek in the Table until they are found to agree as. Difference of Latitude and Departure, 
which gives the Course, 49°. Again, with this Course and the 100th part of the proper Difference of Latitude, 45.06,. 
taken in the Latitude column, then the Distance, 69, will be found opposite to it, which, multiplied by 100, gives the 
thole Distance, 6900 miles, and the Bearing South 49° Kast, or S. E. 4 E, nearly. 


One Latitude, Course and Difference of Longitude given, to find the Distance and Difference of Latitude. . 


EXAMPLE 4* 


A Ship from Latitude 34° 29’ North sails South 41° West till her Difference of Longitude is 682 miles. Required 
her present Lote Distance sailed. 

Rurtx.—Enter the Table with the Course 41° and the tenth part of the Difference of Longitude, 68.2, in the Dep 
eolumn, opposite to which, in the Latitude column, stands the Meridian Difference of Latitude, 78.5. 


iat; lefti. i.e 84° 29’ N. Merid. parts......., 2207 
Merid. Diff of Lat... 785 Subtracted from the Merid. parts of Lat. left 
Gives the Lat.in23 3’ N. = Merid, parts........ 1422 of the Lat. in. 
Diff Of Gate e':11°'96" 
60 


Course 41°, and D. L, 686 in the Lat. column, gives the Distance 910 miles. 
* This Example cannot be solved by Middle Latitude Sailing. 
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QUESTIONS FOR EXERCISE. 


Question 1. Required the Course and Distance from the Cape of Good Hope in Lat. 34° 24’ S., and 
Long. 18° 32’ E. to the Island of St. Helena in Lat. 15° 55’ 8., and Long. 5° 44’ W. 

Answer. By Middle Lat. Sailing the Course is N. 50° W., and Distance 1725 miles. By Mercator Sail- 
ing the Course is N. 50° W., and Distance 1725 miles. 


Question 2. A Ship from Lat. 60° 10’ N. and Long. 30° 15’ W. is bound to a port in Lat. 49° 10’ N 
and Long. 50° 10’ W. Required the Course and Distance. 

Answer. By Middle Lat. Sailing the Course is S. 46° W., or S. W. nearly, and Distance 950 miles. 
By Mercator Sailing the Course is 8. 46° W., or S. W. nearly, and Distance 950 miles. 


Qvestion 3. A Ship on the Equator in ve Long. of 25° 40’ W., and bound to the port of Rio Janeiro. 
Required to shape a Course to Cape Frio in Lat. 23° 1'S., and Long. 41° 59’ W. Find the Course and 
Distance to it. 

Answer. By Middle Lat. Sailing the Course is 8S. 35° W. Distance 1685 miles. By Mercator Sailing 
the Course is South 34° 40’ W., Distance 1683 miles. 


QueEsTION 4. Required the Bearing and Distance between Cape St. Anthony (one of the Cape Verd 
Islands) in Lat. 17° 12’ N. and Long. 25° 19’ W., and the Island of St. Helena in Lat. 15° 55’ S. and Long. 
5° 44’ W. 

Answer. By Middle Lat. Sailing the Bearing is S. 30° 30’ E., Distance 2300 miles. By Mercator Sail- 
ing the Bearing is S. 30° 0’ E., Distance 2295 miles. 


Question 5. Required the Bearing and Distance between Cape Horn in Lat. 55° 59’ S. and Long. 67° 16. 
W., and San Francisco in Lat. 37° 48’ N., and Long. 122° 21’ W. 

ANSWER. By Middle Lat. Sailing the Bearing is N. 27° W., Distance 6310 miles. By Mercator Sailing 
the Bearing is N. 27° W., Distance: 6300 miles. 


Question 6. A Ship ae Lat. 29° 47’ N., and Long. 24° 36’ W. sails S. S. W. # W. 320 leagues. Re- ~ 
quired her present Latitude and Longitude. . 

Answer. By Middle Lat. Sailing the Lat. in is 16° 4’ N., and Long. 33° 36’ W. By Mercator Sailing 
the Lat. in is 16° 4’ N. and Long. 33° 34’ W. 


In the preceding examples, both by Middle Latitude and Mercator Sailing, we have always supposed the 
Ship to sail on a direct Course, but when she makes more than one Course they must be reduced to a single 
Course by the Traverse Table, and the Latitude and Longitude found as in the following example. 


Suppose a Ship from Latitude 32° 36’ N. and Longitude 61° 
COURSE. ST. |NoRTH.|souTu.|tasT.lwest.| 45’ W., sails N. E. 36 miles, N. by W. 14, N. E. by E. 4 E. 58, 
N. by E. 42, and E.N.E. 29. Required her Latitude and Lon- 


gitude i in 


wast Meas 36 | 25.5|......| 25.8. . «1, 
N. by: Winans 14 18.72.... [eT 
N. E by E.3 ‘ Ba he 27.5... IRs. BY MERCATOR SAILING: 
-by KE. ... 42 f 41.2)......] 8.2)... Lat. left 32° 36’ N. Mer. Parts, 2 
oaep oes oF ba nie | emis ag } . Parts, 2071 
EN.E.,... 29° | ib Eis ss*-|\ Dit ate 19,0reeees 1 59 
pit. Las )118 a final 2 Lat. int it eee 34° 35 Mer. Parts, 2214 
Re”) 59°, val | ‘Mer. Diff. Lat. 143 
Tat. Jefte : Sec sue 32 36 Dep. 109.0inthe Lat. Diff. of Lat. 118.8 and Dep. 109, gives the course42°30" 
Latint oe allen 3c 34 35 Column theD. Long. 181. This eae ai a ae of on ae in the Lat. col- 
Sum... 0% /Sheekes-O% 11 » Tafoundeiarte Dies welder ae ee) lca er ens Sree one 
' Middle Lat......... 83 85==D Long. 181 —2° 11’ E. 
Long. left AG ae mes BBED 5 5: Salas ee ae Wa 
en, iieae 34 W. OD: IDs o's; ese'e ee 9° 84 
Lat. 118.8 and Dep. 109 gives the course N. 42° 30 E, 
S DIS, Sine» sik la ‘a pip, 5 EL eae ee caters the ake 161 miles. 
Be US IAG ao ao ls eneeetere tar ee an em 2 ead 119 N. . 
S BED a0 alone w aod wre div od oR mRateae its 109 E ° 
§ TIDES AD sie ss: 2 4s ans PRE oS 5) a 84° 35’ N. 
~Q Diff. Long *eeeeeresne eesteeeoeeeee eee eeeene go 11 E 
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CURRENT SAILING. 


Current Sailing is the most perplexing subject connected with Navigation, on account of the uncertainty 
in their direction and velocity. Even those which are ascertained to exist and are well established, have 
been known to change their rate of running frequently, and sometimes even to run in a contrary direction. 
' The only safeguard is for the Navigator to be constantly on the alert, and to obtain his Ship’s Position 
from Celestial observations (when the weather will permit) as often as possible in the course of the 24 
hours, both by day and night, from the altitudes of the Sun, Moon, Planets or Stars, and comparing her 
position so found with that given by the Dead Reckoning from time to time ; the difference between which 
will point out the direction and velocity of the Current from the effect it has had upon the Ship’s Course 
and Distance as given by the Compass and Log, provided the Compass is free from local attraction.* 

When a Ship is sailing in a known Current, the Course is sometimes changed so as to counteract its effect 
as much as possible, so that the vessel may be continued on her required Course. Or, when a Ship crosses 
a known Curreut obliquely, the direction or set of the Current is taken as a Course, and its velocity or drift 
per hour as a Distance, and which is entered in the Traverse Table, along with the Courses and Distances 
the vessel may have made during that day. 


CASE I. 
Given, the effect of a Current acting ona Ship. Required, its Direction and Velocity. 


EXAMPLE 1. 


A Ship from Latitude 39° 25’ N. and Longitude 65° 10’ W., by Observation and Chronometer, and on the following 
day the Latitude in was 36° 40’ N. and Longitude 62° 30’ W., by Observation and Chronometer ; the Dead Reckon- 
ing carefully kept from her position at the preceding noon, gave the Latitude in 36° 02’ N. and Longitude 63° 18’ 
W. Required the Set (or direction) and Drift of the Current per hour. 


oad EY raga $926" N,.. Latoleftie. soca. 39° 25’ N, Long. left...... 65° 10’ W. Long. left....... 65° 10’ W. 
Lat. by Obs.....386 40’ N. Lat. by D. Reck.. 86 02’ N. Long. Chron.....62 30 W. Long. D. Reck....63 18 W. 
Diff. Lat. by Obs. 2° 45’ S. D. Lat. by D. R.. 3° 28’ S. D. Lon. by Chron. 2° 40’ E. D. Long. by D. R. 1° 52’ E. 

“ by Obs... 2 45 S. D. Long. by Chron. 2 40 — 


a 


Ship Set to the Northward...........0..-es00- 38 miles. § Ship Set tothe Eastward................ 48 m. 
[of Longitude. 
Middle Latitude 38° and Difference of Longitude 48’ in the Distance column, gives the Departure 38 in the Lati- 
~ tude eolumn. Then the Difference of Latitude, 38 miles, and the Departure, 38 miles, gives the Course or Set of the 
Current N. 45° E., and the Drift or Velocity 54 miles in 24 hours, or at the rate of 24 miles an hour. 


EXAMPLE 2. 


At 6 A. M. the Latitude observed was 23° 10’ N. and Longitude 55°10’ W.,and at 6 P.M. the Latitude observed 
was 22° 03’ N. and the Longitude ‘by Chronometer 54° 01’ W. In the interval the Ship had made a Course good 
S. 60° E, and the Distance run by Log, 115 miles, which gives the Latitude in 22° 12’ N. and Longitude 53° 22’ W. 
by Dead Reckoning. Required the Set and Velocity of the Current. 


Lat. in at 6 P. M. by Observa........- 22° Ov’ N. Long. by Chron. at 6 P.M..... 54° 01’ W. 
“ ~by Dead.Reckon.........5-+. 22 12 “by Dead Reckon....... 53 22 
Ship set to the Southward,..............- 9 miles. Ship Set to the Westward........ 39 miles of Longitude. 


' With Middle Latitude 23° as a Course, and Difference of Longitude 89 miles, the Departure 35.9 is obtained. 
Then with Difference of Latitude 9, and Departure 86, the Course or Set of the Current is found to be S. 76° W.,, or 
E. by 8. $58,, true, and the Distance, or Drift of the Current, 87 miles in 12 hours, or 3 knots an hour, nearly. 


EXAMPLE 3. 


A Ship in the Gulf of Florida, in Latitude 25° 44’ N. and Long. 79° 28’ W., the Gun Key Lights in sight, bearing, 
East, distant 13 miles, shaped a true North Course at 8 o’clock in the evening, her rate of sailing all night being 6 
knots an hour. At midnight the Latitude oberved by Stars North and South of the Meridian was 26° 24’ N, and 
at 4 A. M. the Latitude observed by Meridian altitude of the Moon was 27° 08’ N., and at 6 A. M. the Latitude 
obs@rved by the planet Venus was 27° 28’ N. and the Longitude by Chronometer 79° 20'W. Required the 
Velocity of the Stream at the various intervals, and the direction and drift of the Current from 8 o’clock in the 
evening until 6 o'clock next morning. 


Course from 8 P.M. to Mid’t, North...........- 24 miles. From Midnight to 4 A. M. Dist. run......... 24 miles. 
Lat. left, 25° 44’ N., Lat. obs. 26° 24’ N., Diff. ..40 Lat. Mid. 26° 24’ N., Lat 4 A.M.27° 8’ N., Diff. 44 
Northerly Set in 4 hours ..........-..-e0e00- 16 miles, Northerly Set in 4 hours...............0--- 20 miles. 
Position of the Ship at 8 P. M, Lat.......... 25° 44° N. Long.........++...- 79° 28’ W., 

: Sit Ou AS Merete S42 5s 30 27 28 PO dco ctioxna aceite aoe 

1°44’ ss Diff. Long... 2. eee eeeeee 8 equal to 7 miles Dep, 

*: 60 
Diff. Lat. by observation in miles.... ........ 104 
Dist. run from 8 P.M. to 6 A.M., 10 h. at 6 knots 60 ; 
Ship Set to the Northward..........++.-+++- 44 miles, and to the Eastward 7 miles. This gives the Course 


or true direction of the Current N. 9° E., and the Distance or Drift in 10 hours, 45 miles, or at the rate of 44 miles 
an hour. 


‘* An error in the reckoning is frequently caused by local attraction affecting the Ship’s Compass, and mistaken for e 


‘Current, where none exists. (See page 120.) 


30 CURRENT SAILING. 


When a Current is ascertained to exisi, either from recent observations or from the proximity of the Ship’s 
Position to where a certain Current runs, whose rate and drift is known, it is allowed for in the day’s work 
as follows : 

CASE II. 
The Direction and Velocity of a Current given, to find its effect on the Ship. — 
EXAMPLE 1. : 

A Ship from Latitude 39° 25’ N. and Longitude 65° 10’ W., by observation and chronometer, makes a Course 
good S, 28° 30’ E., and Distance 222 miles, until the Noon of the following day, during which time a Current has 
been setting to the N. E. (true) at the rate of 2, miles per hour, The Latitude observed at Noon was 36° 40’ N. 
and Longitude by Chronometer 62° 30’ W. Required the position of the Ship by Dead Reckoning, allowing for the 
Current. 


COURSE. 


South 28° SO Masti i. es ees ays," 
N. E. Current 24 h. at 2} knots drift.|.54.. 


eee ele ee eeeee 


1B ys ding Oy hale pb yea 203 S.......Dep.126 with M. Lat. 38° 
38 N. gives the Diff. Long.. .160 
)165 or 2° 40’ E 
Duff, Lat. made. view iteneus een ak . 2° 46’ S. Long. left......65 10 W. 
Lat. left. . 16.650. dptenneleion.<s eateiion 39 25 N. Long. by D. Ree. 62° 30’ W. 
Position of the Ship at Noon, Lat. in.............000: weeeee 36° 40’ N. by Dead Reckoning. — 


EXAMPLE 2. 
A Ship fromLatitude 23° 10’ N. and Longitude 55° 10’ W., sails 12 hours on a true Course S.'60° E., 115 miles, 
and during which time a Current has been setting her to the W. by S.4S. (true) at the rate of 3 knots an hour 
Required the Latitude and Longitude in. % 


COURSE. ST. SOUTH. 


nfs bin 0 ')a sh OI Giala Ares ceet OU at wie stints 


efi cide ade DAS ic nae ei ec eae 35.0. 
Difference Latitude.......0i05.... 66.5. .Dep.. .99.6. . Dep.. .35.0 
Difference Latitude made.... 1° 17'S. 35.0 
Liat. lefiseweriiesi«/eie o onuie 23 10N...Dep..64.6 Gives Diff. Ln.69 == 1° 09’ Ii. 
Lat. in by D. Reckon...... .. 22 08N Long. left.........55 10 W. 


Long. by D. Reck. 54° 01’ W. 
CASE Il. ) 
(Given, the Bearing and Distance of the Port, and the Setand Rate of the Current, it 1s required to shape the 
Course so as to keep the Port on the same bearing. 


Ruie.— When the Bearing of the Port and the Set of the Current are nearly at right angles to each other, or the 
Current sets obliquely across its direction, take their Sum. But when it runs in the same or opposite directions, take 
the Difference. 

With this Sum, (or what it wants of 16 points, or 180°, if it exceeds 8 voints, or 90°,) or Difference as a 
Course, and the Rate of the Current as a Distance, find the Departure. 

With this Departure as Departure, and the rate of the Ship’s Sailing as a Distance, find the Course. 

This Course being applied to the bearing of the port on the opposite side to that towards which the 
Current is drifting the Ship, gives the Course required. 

EXAMPLE 1. 

The Port bears 8. 45° W., the Current sets S. E. by S., or S. 84° E.,, 3 miles an hour, the Ship’s rate of sailing 10 
knots an hour. Required to shape the Course so as to keep it on the same Bearing. : 
Bearing of the Port 8. 45° W. 

Current oblique...8. 34 E. 


Take their Sum, 79°, as a Course, and rate of the Current, 8 miles, as Distance, gives the Departure, 2.9. 
This Departure and the rate of the Ship, 10 miles, as Distance, gives the Course, 17°. ‘This applied to the right, 
or added to the bearing, 45°, gives the Course, S. 62° W.; because in facing towards the S. W. the running of gre 
Current is towards the S. E. by S., or to the left of the bearing of the Port. 


EXAMPLE 2. ; 
The Port bears N. 45° E., the Current South, 3 knots, rate of sailing 8 knots. Shape the Course so as to keep the 
Port on the same bearing. : 
South giving no angle, the first Course is 45°, which with Distance, 8 knots, gives Departure, 2. The Distance, 
or rate of sailing, 8, and Departure, 2, gives Course, 15°, which applied to the left of the bearing, gives N. 30° E.; 
because in facing towards the N. E. the Current is setting to the right of the bearing. 


EXAMPLE 8. 

The Port bears E., the Current sets 8. W. by S., 3 knots, rate of sailing 4 knots. East is 8 points, or 90°, which 
is one of the opposite quarters toS. W. The Difference between them, which is 5 points, as a Course, and Distance 
8, the rate of the Current gives the Departure. 2.5. This Departure, and Distance, 4, (the rate of the ship,) gives 
the Course, 39°.- which applied to the left of East, the bearing of the Port, gives the Course to be steered N, 51° E. 

EXAMPLE 4. 

The Port bears N. 82° E., the Current S. 10° W. 4 knots, Ship’s rate of sailing 8 knots. N. E. and 8. W. being 
opposite points, the Difference is 72°, as a Course, and rate of Current 4, as Distance, gives Departure, 3.8. This 
Departure being greater than the ship's rate of sailing, 3 knots, which is impossible, shows that the Ship cannot 
maintain the bearing of the Port. eg. ¢ 
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OF THE SHIP’S POSITION. 


‘TAKING DEPARTURES. OR FINDING THE POSITION OF THE SHIP FROM THE BEARING 
OF KNOWN OBJECTS ON THE LAND. 


CASE I. 
By a single Bearing and estimated Distance. 


Set the Bearing by the Compass, and estimate the Distance off. This is the common method, and a 
person may soon acquire the tact of estimating Distances with much precision by adopting the following 
suggestion: Compare the Distance required, in your mind, with the known Distances of the surrounding 
objects, in a locality which is well-known and familiar to you, and take the one that seems to correspond 
nearest to the required Distance. 

Rutz. To find the ship's Position, take the opposite point to the bearing of the object, correct for magnetic variation. 
Enter the Traverse Table with it as a course and the estimated distance, and find the Diff. Lat. and Dep. 
Take from the Table of Positions the Latitude and Longitude of the object. Apply the Diff. of Lat. to that Lat., 
which will give the Lat. of the ship. Then with Mid. Lat. as a course, and the Dep., find the Diff. of Long. This 
applied to the Long. of the object will give the Long. of the ship. 


EXAMPLE 1. 


The light-house on Neversink bore W. by N. $ N. 20 miles. Magnetic Variation 4 point Westerly. Required the 
position of the ship. 


Bearing W.by N4N. Lat. of Neversink........... 40° 23’N. Long. of Neversink...... Mica s a 78° 59’ W. 
Opposite pt. E.byS.3S. Var.tpt—E.48.20m.D.L. 0 4 S. Dep.196E. Mid. Lt. 40° givesD.Ln. 0 26 E. 
Latitude of Ship ........... 40° 19'N. Longitude of Ship.............0- 18° 33' W. 

EXAMPLE 2. 


Barnegat light-house bore N.}E. 12 miles. Variation 4 pt. Westerly. Required the position of the ship. (This 
is useful in rateing a chronometer.) 


N. 3 E. opposite pt.S.4 W. Var. 4 pt. W.— South 12 miles. D. Lat. 0° 12'S. Dep. 0 D. Long..... 0° 0 
Lat. of Barnegat...... 839 46 N. Longitude.........74 6’ W. 
Latitude of the Ship. 39° 34’N. Long. of Ship..... 74° 6’ W. 
EXAMPLE 3. 


Neversink light-houses bore by compass W 3 N. 20 miles. Variation } point W. Required the position of the 
ship. : 

Bearing W.4N. Opposite pt. E.4S. Var. 4 pt. W.—E.20m=D. Lat. 0° 0’ Dep.20MI1.L.40°=D.L. 0° 26’ E. 

Lat. of Neversink 40 28 N. Long. of Neversink...... 73 59 W. 

Lat. of the Ship 40° 23’N. Long. of the Ship....... 73° 33’W- 


A ship on leaving the land and commencing a voyage. her departure is taken from the bearing of an 
object whose position is known, and its estimated distance off, similar to the above, the opposite point to 
which is taken as a course, and being corrected for the variation of the compass, it is entered into the 
Traverse Table, along with the other courses and distances the vessel has sailed, up to the following noon. 
Her position is then deduced from the Latitude and Longitude (taken from the Table of Positions) of the 
object she took her departure from. 


CASE II. 
By two Bearings of different Objects at right angles to each other. 


Rute To find the Ship’s position, the object bearing true East or West, gives the Ship’s Latitude,and the one 
bearing true North or South gives the Ship’s Longitude, because she is on the same parallel of Latitude as the 
former, and on the same meridian as the latter. 


EXAMPLE. 

_ ee light-house bore N. 4 E., and Little Egg Harbor light W.4.N. Required the position of the Ship. 
Bearing N.} E. Var.} pt. = true North. Long. of Barnegat...... 74° 6’ W.) Long. of the Ship 74° 6’ W 
Bearing W.4N. Var. 4 pt. W. = true West. Lat. of Egg Har. Light..39 30 N. § Lat. of the Ship...39 30 N. 

CASE IIT. 


The Latitude of the Ship and the Bearing of a known Object given. 


Rute. Enter the Traverse Table with the True Bearing of the object as a Course, and the Diff. Latitude between 
the Ship and the object in its column. The Distance will be found in its column—that is, the Distance of the object 
from the Ship. 

EXAMPLE. 


The Latitude observed was 40° 10’ N. At the same time Neversink Highland bore N. W. 4 W. by Compass, or 
‘N, W. by W. true. Required the Ship’s distance off. : 
True Bearing N. W. by W. or 5 points. Latitude of Neversink 40° 28’ N. 
Latitude of the Ship 40° 10’ N, 


True Bearing 5 points ag a Course and Diff Latitude 13’ gives the Distance off 24 miles, 


~ 


32, FINDING THF. SHIP’S POSITION. 
FINDING THE SHIP’S POSITION FROM TWO BEARINGS OF THE SAME OBJECT. 


CASE IV. 


‘wen the Bearing and Distance of the nearest Object from the Ship, and the Bearing and Distance of another 
mm, veaats tt first Object, to diet the Bearing and Distance of the second Object from the Shap. 


EXAMPLE. 

‘4 and Distance of Neversink Light-house from Fire Island is known to be W. S. W., true, 37 miles. The 
et cexghe onciee to that Bearing is N. N om The ship having Fire Island Light on that Bearing, (allowing the 
variation of the Compass), and distant 15 miles, required the Bearing and Distance of Neversink. vs: Con 

Enter the Traverse Table with 37 miles as Departure and 15 as Difference of Latitude, which will give the Course 
6 points and the Distance 40 miles. Add this 6 points to the bearing of Fire Island, which was N. 2 points W., and 
the bearing of Neversink will be obtained N. 8 points W., or due West, distant 40 miles. 


TABLE FOR FINDING THE DISTANCE OF AN OBJECT BY TWO BEARINGS, AND THE 
DISTANCE BETWEEN THEM. 


DIFFERENCE BETWEEN THE COURSE AND THE FIRST BEARING 


f 
\ 


POINTS OF THE COMPASS. 


Diff. between 
the Course and 
2d Bearing 


Z 
ah 
n 


a 


.17|1.66 
~OO}1 85 
~ 881.14 
-7911 .00 
).7 210.90 
67/0. 82 
0.63810.7 
BOK 
58k 
5710. 
. S10 
56 
.56 
STO. 
). 58/0. THOT THO. 


a 


rem 


3 
4 
4 
5 
dy 
6 
6 

at 
7 
8 


80/2 .11}2.56 

.58}1.7912 .08)2. 
411.5 7/1. 76/2. 
29/1 .41/1-.35)1. 


i > 
et et et het BD ODD 
ge Ree ee oe en eee 


Rute Ist. To find the Distance of the object when the last Bearing was taken, enter the table with the number of 
points at the top, contained between the first Bearing and the ship’s head, and the number of Points at the side con- 
tained between the second Bearing and the ship’s head. At the angle of meeting take out the tabular number, 
which multiply by the number of miles of Distance made good by the ship. The result is the Distance in miles off 
shore at the time the last Bearing was taken. 


Rure 2d. To find the Distance when the first Bearing was observed, enter the table with the difference between 
these Bearings and 16 points; the second Bearing in this ease must be taken from the top, and the first Bearing from the 
side column, Take out the tabular number corresponding and multiply it by the number of miles of Distance made 
good by the ship. The result is the Distance of the ship off shore at the time of the first Bearing. 


CASE 1. | 
. Finding the Ship’s Position from two Bearings of the same Object. = 


EXAMPLE 1. 


At 8 P. M. Fire Island Light bore N. W..4 N. by Compass. Ship’s course W., at the rate of ‘7 knots an hour, and 
at 10 P. M. the same light bore N. N. E.4 E. Required her Distance off at both stations. 


Ist Bearing N. W.4N. 2d Bearing N. WN. E.4 E. a 

Cake West, t Angle 4} pts. ives Wost. t t Angle 104 pts. gives the Tabular Num. 0.84 

Taken at the top of the Table. Taken at the side of the table. Dist, sailed 2 h’sat7knots 14m. 
| : | er B86 

The Tabular Number multiplied by 14, the Distance sailed, and the two right hand figures struck off (being _84 

Decimals) gives the Distance off at 10 P.M. 11 miles nearly, or i176 

To find the distance off at 8 P. M., 

The first angle being ........ 4} points, the second angle 104 points The Tabular number is ...... . 0.95 

Subtract from .............-16 9“ subtract from 16 “ Distance sailed.......... Spawn 

Taken at the sidzof the Table 11} “ Taken at the top 54 ow; 380 

95 


Gives the distance off at 8 P. M. 134 miles, or 13,30 


FINDING THE SHIP’S POSITION. 33 


EXAMPLE 2. 


+6 P.M. Barnegat Light came in sight, bearing by compass S. W. by W. Ship sailed on 2 S. by W. $ W. 
eourse, at the rate of 8 knots an hour, with a 2-knot tide in her favor, until 7h 30m P. M., when the same light 
was observed to bear N. W. by W. Required her distance off at both stations. 
lst. bearing S. W. by W. 2d bearing N. W. by W.) 4. 

Course 8. by W. 3 W. poets bie Course S. by ea ae Angle 94 pts 


Taken at the top of the Table. Taken at the side of the Table, gives the Tabular Number....... 9.69 
Distance sailed in 14 hours..12 miles. Multiply by .......--- 15 
POUL SOMA erat doa etry, 6 lsh 3 ; 84h 
Distance made good......., 15 miles. 6% 


The ship’s distance off the Light at 7h 30m P. M. is 10} miles, or 10.86 
To tind the distance off at 6 P. M., 


The first angle was 34 points, 2d angle 94 points. ; 
Subtract from 16 ie Sub. from 16 of The Tabular Number is found to be .. 


OE Prey 1.03 
Take at the side 124 points. Atthetop 64 points. Distance made good............. see eees ceees 16 
5.15 

10.8 


The ship’s distance off the Light when seen at 6 P. M., was 154 miles, or 16.46 


PROJECTION OF THE ABOVE EXAMPLES, 


Showing the Distances found by the Tables to be correct, as measured in the Diagram. 


Pigs 17. 


34 FINDING THE SHIP'S POSITION. 
FINDING THE SHIP’S POSITION FROM TWO BEARINGS OF THE SAME OBJECT. 
CASE II. 
Given, two Bearings by Compiss of an Object on Shore, with the Distance sailed between them, to find the 
Reet rast Ship's correct Position in Latitude and Longitude. 
This case is useful in finding the Sea Rate of the Chronometer. (See page 155.) 


EXAMPLE 1. 


At 5 o'clock A. M., Neversink Light-House bore by Compass W. by 8.4.8. Ship then sailed on a S.4 W. Course, 
ut the rate of 54 knots an hour, until 7 A.M. when the same object bore N. W. by N., variation 4 point West. 
Required, the Ship’s Latitude and Longitude at the time of each Bearing. 


The 1st Bearing W. by S. $ 8S. by Compass, 2d Bearing N. W. ty seen Compass. 
Corr. for + pt. W. var. is W. 8. W,, pet Corr. for 4 pt. var. N. W. +N. é 
Course S. 4 W. “” South, Augle6 pts. Clonraret . ieee sic true 8. Angle 124 pts 
Tabular Number....... 97 
2 hours at 54 knots—Distance sailed........ 11 
Distance off at time of 2d Bearing at 7 A.M.............. 10.67 miles. 
The op. pt. to the 2d Bear. is 8S. E. 45., Dist. 104 miles, gives D.L. 0° 8" S,, and Dep. 6.7=D. Long... 0° 8°45” EB 
Lat. of Neversink,........ 40 24N. Long. of Neversink..738 58 48 W. 
At '7 A.M. the Lat. of the Ship was ..... 40° 16" Ni and ‘Long... vee. Ve 73° 50’ 3” W, 


To find the Position of the Ship at 5 A. M., or time of the 1st Bearing. 


Ist ‘Angle:was.). i. uuoeees <6 .-- 6 points. Bd ANZ AVRS. Lies. eins ty el 124 points. 
Subtract from.) .icteeceee eee Ten Subtract ramen oo ta ce 16 ss 
TREE. hic uoxne 10 points at the side of the Table, and............ 34 at the top. 
Tabular.Nomber..... 0s... 66 
Distance Sailed............. 1l : 
Dist. off at time of lst-Bear.5 A.M........ .. 7.26’, or 74 miles, nearly. 
The op. pt. to Ist Bear. is E. N. E, and Dist. 74, gives Diff. Lat.... 0° 3’ N. Dep. 67D. Long. 0° 8’ 45” EB 
Lat. of Neversink ........... 40 24 N. Long.... 78 58 48 W. 
At 5 A. M. the Lat. of the Ship was......... 40° 27’ N, Long.....73° 50’ 3! W. 


The Ship having made a true South Course, she has sailed on the Meridian of 78° 50’ 3’’ West, and was in the 
same Longitude at '7 A. M. as at 5 A. M.,, and her Difference of Latitude is equal to the Distance sailed. 


EXAMPLE 2. 

At Noon the N. W. end of St. Anthony (one of the Cape Verde Islands) bore S. E. by E. by Compass. Ship ther. 
gailed on a South Course, at the rate of 10 knots an hour, until 4 P. M., at which time it bore N. E. by E. 4, the 
Magnetic Variation here being 14 points Westerly. Required the Lat. and Long. of the Ship at the time of each 
Bearing. 


The Ist Bear. S. E. by E. by Compass. 2d Bear. N. E. by Ee 4 E. by Compass. 
Cor. for 14 pts. W. var. =E. by 8.45. Cor. for 14 pts. var.==N. E. ¥ 
Course South, corrected==S. by E. 4 E. Angle 5 pts. True Course....S. by E. 4 EB. Angle 10 pts. 
Tabular Number.......... sis nigeaiare be 0.94 
4 hours at 10 knots.......... Dish; sales & 40 


Dist. off at the time of the 2d Bear. at 4 P. M.......37.60 miles. 
The op. pt. tothe 2d Bear.is S. W., and Dist. 874 miles, gives D. L. 0° 26’ 30” S. Dep. 26.5==D. L. 0° 27’ 40” W 
Lat. of the N. W. Point of St. Anthony....... 17 12 ON. and Long. do....26 19 0 W 


At 4 P.M. the Lat. of the Ship was....... sin tne Pia vee als, 48 16° 45’ 30”N. and Long....... 25° 46’ 40” W 


Io find the Position of the Ship at Noon, or time of 1st Bearing. 


The lst Angle was.... 5 points. 2d Angle was... .104 points. 
Subtract from........16 “ Subtract from... 16 “ Tabular No... 1.00 
edge Stic 11 points at the side of the Table, and... 54 at the top. Dist. sailed... 40 
Dist. off at time of 1st Bearing, or Noon.............. 40,00 miles. 
The op. pt. to the Ist Bear. is W. by N.4.N., and Dist.40==D. L. 0° 11’ 36" N. Dep. 88.3 W.=D. Long. 0° 40’ W 
Lat. N. W. Point of St. Anthony is........ 1g eas @ AE ON i Long....25 19 W 
Lat. of the Ship at Noon was........... 17°. 23"'36”" N. Long... . 25° 59’ W 


This method of finding the Position of tle Ship when in sight of Land, by two bearings of the same 
object, will be found of great value, when a eross-bearing cannot be obtained. All that is necessary to do, 
is to select an object, the position of which is given in the Table of Latitudes and Longitudes, and to take 
a correct bearing of it by the Ship’s Compass, and note the time by Watch; and after the bearing has 
altered not less than 3 points, take a 2d bearing and note the time by the Watch. Thus having the interval 
of time between the Ist and 2d bearings, and the rate of sailing per hour, the Distance sailed in the interval 
may easily be obtained, and the Ship’s correct Latitude and Longitude found, as explained in the above 
Examples, at either of the Bearings. 

This will be found of importance when the Ship’s Chronometers require to be verified, at times during 
a voyage, when in sight of any known land.. Because if the Sights are taken for Time, the Bearing of 
the Land can be taken at the same time. and another Bearing taken either before or after that time, with 


the Course and Distance run in the interval, will give the Ship’s exact Latitude and Longitude at the time 
the Sights were taken. 
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TIDES. 


The Tidal Wave is caused by the joint Attractions of the Sun and Moon, but chiefly of the latter body, 
whereby the Sea is raised or drawn up by that power, in the form of a Swelling Wave, and following the 
motion of the Moon round the Earth. advances at a prodigious rate. This Water does not, however, partake 
of any onward motion, but merely rises and falls. The motion of a Tide Wave is represented by the 
fluttering of an Awning or the shaking of a Sail. 

If the Earth was entirely covered with water, the Course of this Wave would be from the East towards 
the West ; but as large Continents and Islands exist, which obstruct its free passage, it diverges into other 
directions, and the meeting with those obstructions causes the water to acquire a motion conforming to the 
direction in which the land lies ; but still, to a certain extent, under the governing influence of the Sun 
and Moon, and branching off in all directions until it finds its level. 

The Interval of time which the Moon takes in passing the Meridian of any place. and returning to the 
same again, consists of 24 hours 49 minutes, being the length of a Lunar day. This occasions two floods 
and two ebbs of the Tide Wave in that time. Therefore one flood and one ebb will oceupy about 12 hours 
24 minutes, and the Flood tide will run 6 hours 12 minutes, and the Ebb in a contrary direction the same 
length of time. 

But as the Moon comes to the Meridian nearly an hour later every day, the time of High Water is that 
much later every day. When it is High Water on the shore, or when the Tide has done rising, it continues 
running longer in the offing. Three hours longer is called Tide and Half Tide, one hour and a half longer, 
Tide and Quarter Tide. 

On the day of the full and change of the Moon, the time of High Water is noted at the various Ports and 
places of the World, and published in a Table, and which is called the Establishment of the Port or place. 
And all that would require to be done to find the time of High Water on any other given day, would be to 
add the time of the Moon’s Meridian passage to the Establishment of the Port. But on account of the 
irregular influence of the Sun and Moon, and other causes, together with the effect of gales of wind in 
aecelerating or retarding the times of High Water, an approximate result only can be obtained from any 
general rule. In some parts of the world Local Tide Tables are constructed, containing the times of High 
Water at the various places on that Coast, predicted from long experience of tidal observations, and which 
is of great importance to vessels which are about to enter a Harbor where there is a great rise and fall of 
the Tide. In many parts of the world there is very little rise and fall; nevertheless, the tide runs’ with 
eonsiderable velocity. 

And where a Bay or Inlet is exposed to the Set of the Flood Tide, which not having any outlet, the 
waiter uaturally rises to a great height, as we see in the case of the Bay of Fundy, and other places. In 
inland Seas, such as the Mediterranean, Baltic, &c., which are composed of narrow stripes of water, there 
is not sufficient room for the formation of the Tidal Wave ; consequently, the tides there are scarcely 
perceptible. 

In some rivers, which, on account of the great quantity of water they discharge, run longer and with 
greater velocity on the ebb, the flood tide is thereby kept back, until accumulating strength, it rises like a 
wall above the level of the ebb, and advancing in the form of a Crested Wave, rushes upwards with great 
strength until it finds its level. This phenomena is called the Bore of the Tide. 

When the Sun and Moon are on the Meridian together, their actions concur, and the tide is higher 
than at any other time. The same holds good when they are in opposition to each other. These highest 
tides are called Spring Tides, and occur a day or two after New and Full Moon. But when the Sun and 
Moon are 90° apart, their actions, or power of attraction, neutralize each other, and the tide is lower than 
at other times. These are called the Neap Tides. 

The highest tides happen in the month of January ; because the Earth is nearer to the Sun and Moon 
then, than at any other time of the year; consequently, the highest Spring Tides happen in that month. 

When the Moot’s Declination is 0, the tides are equally high on that day ; and while the Moon has North 
Declination the higest tides are in the Northern Hemisphere, when she is above the horizon, and the reverse 
when her Declination is South. The Tides rise highest at places where the Moon is in the zenith; they 
are also highest at the Equator and lowest at the Poles. 


The common method of finding the time of High Water is as follows: 
1. TO FIND THE MOON’S AGE, 
Rure—Add together the Epact of the Year, the Epact of the Month, and the Day of the Month. The Sum, if it 


does not exceed 30, is the Moon’s Age; if the Sum exceeds 80, subtract 30 from it, and the remainder will be the 
Moon’s Age on that day of the month required. 


36 ) 3 TIDES. 
TO FIND THE TIME OF THE MOON’S PASSING THE MERIDIAN. 


Rutx.—Multiply the Moon’s Age by 8, and point off the right figure under the days, then the left hand figure, or 
figures, will be the hours, and multiply the right hand figure (which was pointed off) by 6, will be the minutes past 
noon when the Moon passes the Meridian. If the hours exceed 12, subtract 12 sours from it, which will be the 
time of her Morning passage. : 


TABLES FOR FINDING THE MOON’S AGE 


THE EPACT OF THE YEAR. 


18538,| 1854.) 1855.) 1856.) 1857. 1858, 1859.| 1860.| 1861.| 1862] 1863. 1864) 1865.| 1866.) 1867.| 1868) 1869. 


| 


dh. | db. | d. bof dob. fd. bo doh dv bh, ds hed. da he} do ie ec. | ds By ee tk 
20. 1 | 1. 3 /11.18 |23.10 | 4.12 |15. 8 (25.17 | '7.21 118.19 /29. 3110. 6 21.21 | 993113, lores 6r) 6.8 116s 


THE EPACT OF THE MONTH. 


Jan. Feb. | March,] April. | May. | June. | July. Aug. | Sept. | Oct. Nov. Dee. 


d. h. d. h. d. h. d. h. d. h, d. h. d. h, d.h..| d. bh. d. h. d. h, d. h. 
0. 0 111 | 29.11 1.10 1.21 3. 8 3.20 5.7 6.18 (Pan) 8.17 9. 4 


TO FIND THE TIME OF HIGH WATER.—1st Method. 


Rutr.—To the time of the Moon’s Meridian passage on the given day, add the time of High Water at the given 
place on the F ull and Change days, or, as it is called, the Establishment of the Port. Their Sum is the time of 
High Water past noon on the given day. If this Sum exceed 12 hours 24 minutes, which is the interval between 
each succeeding tide, subtract 12 hours 24 minutes from it; or, if it exceed 24 hours 48 minutes, subtract 24 hours . 
48 minutes from it, and the remainder will be the time of High Water in the afternoon of the given day. 


’ EXAMPLE 1. 
Required, the time of High Water at Sandy Hook, October 2, 1854, (Civil time.) 

D.H. n.H, 
Epact for the Year, 1854, Bese so eae 18 Moon’s Age, October 2, 1854......--.cecccess 10.8 
Par “ Month, October,...... 7.5 Multiply by........ 8 
Day of the Month, October,........ 2.0 “8h. 2.16 
Moon's Age... «. 40+ 10.8 6 

Moon’s Meridian Passage...... ee eee 8h.16 

Establishment of Sandy Hook........... 7 35 

Time of High Water in the morning. .... 15 51 

Subtract. ....... 12 24 


Time of High Water at Sandy Hook.... 3h.27 in the afternoon. 


EXAMPLE 2. : ; 
Required, the time of High Water at Cape Henry, December 6th, 1854, (Civil time.) 
D.He D.H. 
Epact for the Year, 1854, is........ 13 Moon’s Age, December 5th,............. SES ek | 
é “ Month, December,... .9.4 Multiply by........ 8 
Day of the Month, December,....... 6.0 13. U8 
Moon’s Age.....5.. 16.7 , Fike 
Moon’s Meridian Passage. ......seeeesees 13h. 2.0 
Establishment of Cape Henry........... 7 40 
Time of High Water in the morning.......20 42 
Subtract........: 12, .24 
Do. do, in the evening..... . 8his 


As this Rule gives only a rough estimate of the Time of High Water, and may be as much as two hours 
in error, caused by the variation in the*time of the Moon’s daily passage over the Meridian, and which 
varies from about 40 minutes to 66 minutes, at different times inthe year. This Rule assumes the interval 
of her Meridian passage to be 48 minutes or four-fifths of an hour. It, however, may be useful when 
there is no Nautical Almanac at hand. : 

The Second Method is more to be depended on. In this case the Moon’s Meridian Passage at Green- 
wich is taken from the Nautical Almanac, and corrected to the time of her passing the Meridian of the 
Ship, and which is further corrected for her Horizontal Parallax by the annexed Tables. 


FINDING THE TIME OF HIGH WATER.—2d Method. 
Ruts. Take out the time the Moon passes the Meridian at Greeniwich from the Nautical Almanae, for the day 


required, and apply the Equation of time the contrary way to the precept at the head of the column, which will be 
the apparent time at Greenwich of her Meridian passage. Enter the side table with the Longitude of the place, 
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and take out a number of minutes, to be adaed to the Meridian passage if the Longitude be West, but subtracted 
if East, will b» the App. time of the Moon’s Meridian passage at the place. Take out the Moon’s Hor. Parl. 
nearest to this time on the given day, from the Nautical Almanac. Enter the Table below, with the time of the 
Meridian passage at the side and the Hor, Parl. at the top. and take out a correction to be applied as directed in the 
table, to the appa’ ent time of the Moon’s Meridian passage at the place, to which add the establishment of the port, 
and the result is the time of High Water in the afternoon, if less than 12 hours. If it exceed 12 hours, it is the 
time of High Water next morning ; and to obtain the time for P. M. on the present day, subtract 12h. 24m. from it. 
If the sum exceeds 24 hours, it is the apparent time of High Water P. M. the next day. For the P. M. of the pro. 
posed day, subtract 24h. 48m. ; 


TABLE FOR FINDING THE TIME OF HIGH WATER. 
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EXAMPLE 1. 
Required the time of High Water at Sandy Hook, Oct. 2d, 1854. (Sea time.) 


Moon's Mer. Passage Oct. Ist, N. A............ 8h 11m Moon’s Hor. Parl. at time of the Mer. passage is 59’. Then 

Equa. of Time the contrary way, add......... 10 with the Mer. pass at the side of the table, and between 

Anpoarent ti f. Meridi Asnarare utes ee 8h 21m _ 58 and 60 at the top, the Corr. is............ Oh 10m 
Bong et Baady Hoge HAP W. SRE emp ate 10 ~~ to be added to the Meridian passage......... 8 31 

App. time of the M. Mer. pass. at Sandy Hook. 8h 31n dred 
Beis <i. ts teenie AT one Th "Add the Establishment of the place.......... 7 35 

Time of High Water in the morning......... 16h 16m 

Subtract...) SGM = ves cece s cee's 12h 24m 

At Sandy Hook, Apparent time of High Water, in the afternoon.......... a salto Beers nates. 0 & ov hie ain _ 8h 52m 

EXAMPLE 2. 


Required the time of High Water at Cape Henry, December 6th, 1854. (Sea time.) 
Moon’s Mer. passage, December 5th, N. A..... 13h 38m  Moon’s Hor. Parl. at time of the Mer. passage 55’. Then 
Equa. of time the contrary way, add......... 9 with the Moon’s Mer. passage at the side of the table, and 
13h 12m__ between 54 and 56 at the top, the Corr. is.... 0h 22m 
Long. of Cape Henry 76° West, add......... 10 Which, subtracted from the Meridian passage . 13 22 


. time of th ’s Mer. passage........ h 13h Om 
= Se Spa appease Fe ee LU MURTME Mata Glichmient of thalnlneebin te ic. 7 40 
At Cape Henry, apparent time of High Water in the morning ...........0+ +e seeeeeee ute kteaty @ vibep se 20h 40m 
12 24 
‘Time of High Water on the afternoon of the same day...... eetaa ss dcg bi Ne sip deatinm acide’ 6d pe ge? Shy ]Gm 


WINDS. 


The following short description of the prevailing Winds may be found useful, in the absence of the regu- 
ular sailing directions for the voyage, which should contain all the necessary information on this head: 

The Earth revolving on its axis from West to East, together with the great heat near the Equator, caused 
by the Sun being always vertical in some part or other of the Torrid Zone, produces the Trade Winds. 

The motion of the Earth causes the Wind to blow from East to West, whilst the cold air rushing in from 
the North and South towards the heated air in the Tropics, produces the N. E. and S. E. Trade Winds, and 
which blow continually in those directions Their limits extend to about 30° on each side of the Equator,,. 
but near to the coasts of America and Africa they extend to 34° sometimes. The limits of the Trade 
Winds are very variable, even in the same months of the year. When the Sun has great North Declina- 
~ tion, their limits are considerably to the Northward of where they are found when the Sun has great South 
Declination. In the month of June, for instance, the Northern limit of the N. E. Trade may be found in 
about 30° North Latitude, and the Southern limit of the same in about 10° North of the Equator. A 
space of calms and rain-squalls intervene. Until the Northern limit of the 8. E. Trade is reached in 
about 4° North of the Equator, its Southern limit at this season extends only to about 20° South of th 
Equator. 

In the month of December, when the Sun has great South Declination, the Northern limit of the N. E. 
Trade Wind may be expected in about 20° North Latitude, and its Southern limit in about 4° North of the 
Equator. A space of calms and rain-squalls intervene, and the Northern limits of the 8. E. Trade will be 
found in about 2° North of the Equator, and the Southern limit about 30° South Latitude. It appears, 
then, that the limits vary to the extent of 10° in 6 months, and that the Northern limit of the 8. E. Trade 
Wind is always found to the Northward of the Equator. 

Ships cross the region of calms, &c., between the Trades, quicker bound North, than they do when bound 
South, by reason of the airs of wind being more favorable. 

Ships on approaching the limits of the Trade Wind, fall in with squally weather and heavy rains, a sure 
indication of a change. On entering the Northern limit of the N. E. Trade, the wind will be found far to 
the Northward ; but as you advance South, the Wind will draw more to the Eastward. And in like man- 
ner, the S. E. Trade is found far to the Southward, and draws more to the Eastward as you advance. 

Ships bound to the Southward should endeavor to cross the Equator in about Long. 25° W., because they 
will meet the S. E. Trade sooner than they would if farther to the Eastward. They must, however, be 
careful not to go too far to the Westward before crossing the Equator, on account of meeting the S, E. 
Trade Wind far to the Southward, which heads them off to the Westward, and because of the Equatorial 
Current, which sets in towards the coast of Brazil. But in a fast sailing Ship this may be. much modified. 
When the vessel is caught in the variable weather which exists between the N. E. and S. E. Trade Winds, 
the rule is to keep on that tack in which she makes the most Southing on, so as to get out of it as quickly 
as possible. ; 

Far to the Eastward, along the coast of Africa, the S. E. Trade is changed to a S. W. Wind, which 
blows with little variation throughout the year in that direction, interrupted at times by violent 
tornadoes, and the Harmattan or East Wind, close to the coast. 

_A ship taking this Eastern passage to the Cape of Good Hope, would certainly have to beat the whole 
way, though an advantageous slant is sometimes obtained when the Wind veers at the quarterly changes 
of the Moon. 

After losing the 8. E. Trade, the usual variable Winds are met with, but the most prevailing one 1s 
from the S. W. When a Ship is bound to the East Indies or Australia, the best parallel of Latitude for 
running down her Longitude to the East is 39° 0’ S., because there the Westerly Winds prevail, and the 
weather is not so tempestuous as it is farther South. (See remarks on Great Circle Sailing, Page 6.) 

If bound to India, and having reached 70° 0’ E. Longitude, they steer more to the North, and fall in with 
the Southern limit of the S. E. Tradein about 90° E. The limits of the Trade Winds here are governed by 
the same laws as they are in the Atlaniic Ocean, but do not blow so steadily. The space’ between the 
Northern limits of the S. E. Trade and the Equator is occupied by a Wind which blows 6 months. that is. 
from. May to October, from the Eastward, and called the Easterly Monsoon, and the other 6 months of the 
year in an opposite direction, and then called the Westerly Monsoon. 
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After crossing the Equator and bound up the Bay of Bengal, the region of the rezular Monsoons is reached: 
The 8. W. Monsoon commences in May, and brings rain and squally weather, which continues 6 months, 
or until October. The N. E. Monsoon then commences, and during its continuance, from October to May, 
(the other six months of the year), fine dry weather prevails on all the coasts of India. The Monsoons vary 
their direction according to the locality of the place at which they blow. This includes the China and 
Arabian Seas. At the changes of the Monsoons, terrific hurricanes frequently occur in all these localities. 

In the Pacifie Ocean, the South East Trade Wind is found to blow very steadily, with fine serene 
weather, and its limits are about the same as in the Atlantic Ocean. Not so, however, with the North 
East Trade; it is generally found light and variable, and hangs far to the Northward. especially when 
the Sun has great North Declination. 

Ship’s bound to California generally cross the Equator in about 112° West Longitude; but they 
seldom find the North East Trade blow with the same force as it does in the Atlantic. 

These are the principal winds which blow with any degree of certainty ; but where there are large 
Islands or Continents within the limits of the Trade Winds, the surfaces of which becoming violently 
heated by the tropical Sun, causes the regular wind to diverge into a local Trade. 


THE CURRENTS OF THE OCEAN. 


The Trade Wind blowing continually in one direction, causes the water on which they act to acquire 
a movement in the same direction. This is called a Current; but as neither the direction nor the 
velocity of a Current continues uniform, it becomes one of the most perplexing problems in Navigation, 
in making the proper allowance for the effect it may have had on the vessel’s course. The only true method 
is to keep a careful account of the Ship’s way by Dead Reckoning, and compare this frequently with the 
place of the Ship by Celestial observations. The Set and Drift of the Current may thus be ascertained, 
and proper allowance made until next observations. (See Current Sailing, page 29.) 

There are several Currents known to exist in various parts of the world. The one known as the 
Florida Stream, originates in the Trade Winds which force the Water in towards the West India 
Islands, and between which it passes into the Gulf of Mexico: but not finding an outlet there, it 
rushes out between Cape Florida shore and the Islands of Cuba and Bahama, pursuing its course 
to the North, nearly parallel with the coast of the United States; it then diverges to the Eastward and 
crosses the Atlantic. One part of it is supposed to enter the Straits of Gibraltar, and the other to 
proceed along the Coast of Africa. Passing the Cape Verde Islands, it rushes along the S. E. Coast 
into the Gulf of Guinea. 

It is then called the Guinea Current, and which runs to the Eastward, between this Coast and the 
Equator, until it strikes the South Coast of Africa, by which cause and the prevailing winds together, 
it is foreed in and blended with the great Equatorial Current which sets West to the South of the 
Equator. The author of this work has frequently seen the extraordinary phenomena of these two 
great Ocean Rivers brushing past each other, side by side, the dividing line marked by a streak of 
foam, exactly on the Equator.* 

It will be perceived that what is called the Florida Stream makes a complete circuit of the Ocean. For 
by joining this Current, which is formed by the South East Trade Wind, it is again precipitated into the 
Gulf of Mexico. 

The Velocity of the Florida Stream is governed by the force of the Trade Winds and the obstruetion it 
meets with from local causes. About 4 knots an hour is the usual rate off the Bahamas ; but as it proceeds 
to the North and East it becomes less. 

But the most interesting fact of its retaining its heat acquired in the tropies, and preserving its borders 
from mixing with the surrounding Sea, is very extraordinary. 

This is of great use to Seamen; because by ascertaining the temperature of the Sea water by the Ther- 
mometer, he knows whether he is within the influence of the Stream or not. . 

The Sea-weed floating about, usually called the Gulf weed. which although brought down by the Stream, 
is not always an indication of being in it. 

The Polar Current is supposed to have its origin in Behring’s Straits. in the North Pacific Ocean, and 
runs South through Davis’.Straits into the North Atlantic. 

Rennels’ Current runs across the mouth of the British Channel towards the North West, and is caused 
by the water escaping out of the Bay of Biscay, which had been forced in by continued gales of wind from 
the West. 

The action of the Trade Winds in the Indian Ocean produce a Current which sets North West into the 
Arabian Sea, and having no outlet, the waters make their escape out again in two divisions, one runs to 
the South East along the Malabar Coast and past the Island of Ceylon, and again joins the Equatorial 
Current running to the Westward. The other division runs, out along the East Coast of Africa, between 
that Coast and the Island of Madagascar. Pursuing its course to the South West, it passes along the edge 
of the Agulhas Bank and round the Cape of Good Hope; it then runs to Northward and joins the Equato- 
rial Current which runs to the Westward in the Atlantic Ocean. That part of the Current which sets 
round the Cape of Good Hope is called the Agulhas Current, and its velocity varies from 5 knots to 0, 
and a Current has been found sometimes to run in the opposite direction. 

A Ship bound to the Eastward should keep in about the Latitude of 40° South when rounding the Cape. 
By that means they will avoid the Current setting to the Westward. On the other hand, a Ship bound to 
the Westward should endeavor to get into this Current by steering for the coast to the Eastward of the 


* Ships on leaving the Gulf of Guinea, or the Bight of Biafra, bound to the Westward, consequently have to beat to 
windward between the Princes Islands and the main land of Africa, where they find a favorable current running te 
the Southward, until they have crossed the Equator, when, by then standing to the Westward, they fallin with the 
regular Equatorial Current running West. Thereby avoiding the Guinea Current which runs in a contrary direction to 
the Northward of the Equator. 


40 WINDS AND CURKENTS. 


Cape. In Westerly gales the Current running against the wind makes the Sea run heavy and dangerous. 
But a Ship may find smoother water by standing in for the Agulhas Bank and keeping on it until the gale 
moderates in the offing. Two Ships becalmed near each other, one may be in the Agulhas Current and 
the other on its Bank, and it frequently happens that in the course of two or three hours the one in the 
Current is swept away to the Westward, out of sight of the other, without any visible cause; and before 
the nature and effect of this Current was understood by Navigators, it gave rise to the superstitious story 
of the Flying Dutchman. 

The Trade Winds in the Pacific Ocean also form a Current which runs to the Westward, and then 
between the North and West, until it strikes the Coast of China. One division then running through 
the Indian Archipelago joins the Westerly Current in the Indian Ocean, and the other sets towards 
Berhing’s Straits. Ships bound to California cross the Equator in about 112° West, which is too far to the 
Eastward, because the effect of the North East Trade Wind is deadened by its proximity to the Continent of 
North America, which has exactly the same effect on the North East Trade here (that is, of causing light 
winds from the North and baffling weather) as there is found in the South East Trade in the proxiinity to 
the Continent of Africa, where light Southerly winds are found to prevail, and baffling weather; but on . 
getting further to the Eastward they have the regular Trade. Consequently, if Ships were to cross the 
Equator in the Pacific Ocean in about 130° West Longitude, they would find a steady fresh North East 
Trade, be enabled to cross it quickly, and then afterwards run down their’Easting in a high Latitude, 
where both wind and current would be found more favorable. 

In the Mediterranean Sea, there exists the curious phenomena of its receiving the Currents from the 
Black Sea, and large rivers running into it, besides the regular Current from the Atlantic Ocean, which 
flows in through the Straits of Gibraltar. Those waters have no visible outlet; but they are known to 
make their escape out into the Atlantic Ocean through the Straits of Gibraltar, underneath the Current 
which runs in on the surface. This has been proved by vessels which have been sunk at some distance 
inside of the Straits, the wrecks of which were afterwards cast on shore to the Westward, or outside of the 
entrance. 

The submarine mountains rising from the bottom of the Sea, the tops of which are alone visible in the 
form of Shoals or Rocks, are no doubt the fertile cause of many of the extraordinary Currents which 
are met with at Sea. Because a body of water striking these elevations at right angles would be turned 
out of its original course, and rising to the surface, pursue one which would be parallel ‘with the Mountain 
range. 

’ This is a subject, however, of which very little knowledge can ever be obtained; at least to be of any 
benefit to Navigators. Because the effect produced by the surface Current which acts on the Ship would 
be just as uncertain as ever. 
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HURRICANES. 


Hurricanes are caused by a po=ion of the Atmosphere becoming violently heated, and thereby acquiring 
a circular motion around a center or focus, (at which the air is stationary,) and around this Focus the wind 
rushes with great violence. The Meteor has also a progressive motion to the Westward, at a rate varying 
from 12 to 30 miles an hour. 

The diameter of these Meteors vary from 100 to 300 miles. The wind blows with the greatest fury 
near the centre or Focus, and there also the Shifts of wind are most rapid. Towards the circumference 
the wind has less force and the shifts of wind are longer. The places most subject to Hurricanes are 
the Northern limits of the North East Trade Wind. to the Eastward of the meridian of the West India 
Islands in the North Atlantic Ocean, and the Southern limits of the South East Trade, to the Eastward of 
the meridian of the Island of Mauritius, in the South Atlantic. Hurricanes also occur in the Bay 
of Bengal and its vicinity, at the change of the Monsoons in May and Qetober. 

Those in the China Seas are called Ty-foongs, and are produced from the same cause, These Hurricanes, 
or Meteors, are governed by certain Laws, and which are of the greatest importance to Seamen to have a 
knowledge of. Thanks to Colonel Reed, Mr. Peddington, and other scientific men, who have, by patient 
investigation, traced out and explained the nature of those destructive Meteors, and given’rules whereby 
they may be avoided: or, at least, by which a vessel may suffer the least from their effects. 

The following Remarks, which are derived from the experience of Hurricanes in both Hemispheres, in 
which the theory and practice are combined, may be of some service. when the more regular Book on Storms 
is not at hand. 


HURRICANES IN NORTH LATITUDE. 


These commence on the Northern limits of the North East Trade wind, in August and September, and 
travelling to the Westward. visit the West Indja Islands, and thence pursue a North East course parailel 
with the Gulf Stream, along the Coast of the United States of North America. The diameter of this 
Meteor varies from 100 to 200 miles, and its progress at the rate of about 17 miles an hour. But the most 
distinctive feature of this Hurricane is, that the wind blows in a Circle from Right to Left, (or, as Seamen 
would say, the Left-handed way.) around a Focus or Centre, the centre itself being a calm space. The 
changes of wind near the Focus are very rapid and blow with destructive violence ; hence our chief care 
is to avoid this Focus. The Focus of these Meteors can be easily ascertained from the direction in which 
the Hurricane Wind is blowing at the time, and also points out on which side of the Storm Circle the Ship 
is. Suppose the Ship to have entered the Storm, and has the wind at East, Barometer 29, and falling. 
The Rule is, Turn your back to the Wind, and the Left hand will point to the Focus, bearing South, and 
by referring to the Diagram on the next page, it will be perceived that the Ship is on the Northern verge. 
Now, if a Ship is to the Eastward of the West India Islands, by standing to the Northward she will 
get out of its range; or by heaving to on the Port Tack. with her head to the Southward, (in the direction 
of the Focus,) the wind as it veers from right to left will be found to draw aft, and the Ship will luff up, 
and Bow the Sea with safety. But heaving to on the opposite tack would ensure herdestruction. Because 
the wind veering would head the Ship off, and she would be laid in the trough of the Sea; and in such 
cases the violence of the wind is so great that to wear round on the other tack would be found to be 
impossible. The effect on a Ship standing to the Southward with this Easterly wind, would be a fall of 
the Barometer and an increase of the Storm ; and as long as she carries sail she is rushing towards the 
Focus, and almost certain destruction. The most dangerous part of this Storm Circle is its Western 
side. You will then have the wind at North. By turning your back to the Wind, your left hand points 
to the East, and which is the bearing of the Focus. Now, as the Meteor in this locality is travelling 
to the Westward, it is evident it will overtake the Ship in its course, unless she gets out of its path. 
The Rule in this case is, to bear away under what sail the vessel can carry towards the South Kast, 
and then to heave to on the Port Tack, allowing the Meteor to pass to the North West of her. 

As before mentioned, the path of these Hurricanes, after leaving the limits of the North East Trade 
Wind, is towards the North East, and a Ship having the wind at Kast, the Focus would bear South 
as before, and the Ship is then on the Northern verge of the advancing Storm. Now, by steering 
about 50 miles to the North West, and then heaving to on the Port Tack as before, the Meteor will 
pass to the Eastward of her, and when the wind has veered to the North East she will have the 
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Focus bearing South East, and be at right angles to its path. But if this cannot be cone. eae of 
her proximity to the land, heave to on the Port Tack. Advantage of gaining an ie at | ie nye 
mencement of the Storm, when the wind is at South or South East, may be done ee a P 
the Eastward as long as sail can be carried, and then Wearing Ship, heave to on the He Fin ; and 
by that means the Focus will pass to the Westward of her position. But crossing in front nit ea ee 
Storm is always attended with danger; because the Ship may be taken aback before she gets to the 


Eastward of its path. ; Pf ; 
full tched when in the vicinity of those Latitudes where Hurricanes 
The Barometer should be carefully watc y Appar iotin tryin. 2K4 


-be expected, and when it falls rapidly to 29.50, the weather threatening 
cat aS aranbs the Ship is fhen on the verge of the Storm Circle, and the Focus may be at least 
150 miles distant. As the Focus is approached the Barometer will fall to 29.20 incaes at 100 miles 
distant ; to 28.40 at about 50 miles distant, and to 28.00 at about 30 miles distant. At or near the 


Focus itself it falls as low as 27.00 inches sometimes. 


DIAGRAM OF THE STORM CIRCLE IN NORTH LATITUDE. 
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RULES TO AVOID THE FOCUS 
Turn your back to the Wind, and your Left hand will point to the Focus. 


| Hur-icane Wind. |Bearing of the hose! When the Path is to the W.N. W. When the Path is to the N. E. 


Wind at East. Focus South. Heave to on the Port Tack. See the remarks above. 
ss N. E. PY Re 54 do. do. Heave to on the Port Tack. 
. North. « ast. Run 50 m’s to the S’d, and heave to. do. do. do. 
5 N. W. oe bia FG Heave to on the Port Tack. do. do. do. 
- West. 7 Nort. do. do. do. do. do. do. 
a S..W. do. do. do. do. do. do. 
' South. do. do. do. Get a little to the E’d if possible. heave to 
ms S. E. do. do. do. Run 50 miles to the N. W.. and heave to. 
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HURRICANES IN SOUTH LATITUDE 


The Hurricanes in the South Atlantic Ocean commence near the Southern limits of the S. E. Trade 
Wind, to the Eastward of the Island of Mauritius, and pursue a course to the Westward. They are gen- 
erally expected in the months of February or March. The diameter of these Meteors vary from 150 to 
300 miles, and their rate of progression is from 12 to 30 miles an hour. The distinetive features of these 
Hurricanes are, that the wind blows in a circle, around a focus, from left to right (or the right-nanded way 
as seamen call it), consequently the Rule for finding the focus of the Hurricane in South Latitude is ty 
turn your back to the Wind. and the right hand will point to the centre. Those in the Bay of Bengal and 
China Seas being in North Latitude, revolve the left-handed way. same as in the North Atlantic. So that 
in meeting one of these Hurricanes. it must be considered, in the first place whether the Ship is in Norih 
or South Latitude, and then to act accordingly. If the Ship is in South Latitude. the rule is to heave to 
on the Starboard Tack. with her head towards the Focus; and supposing the Wind at East, the tight hand 
will point to-the Focus bearing North. The Ship would then be on the Southern verge of the Storm Circle. 
amd as the Wind veers to the Southward she will luff up and bow the sea. The Barometer acts in a sim- 
ilar manner as before stated. 


DIAGRAM OF THE STORM CIRCLE IN SOUTH LATITUDE. 
Pies 19: 
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RULES TO AVOID THE FOCUS. 
Turn your back to the Wind, and your Right hand will point to the Focus. 


[Hurric:ne Wind.]| Bviring of the Focus. | When the Psth is to the W. 8. W. Whe: the Path is to the §. E. 


| 
5 


Wind at West.| Focus bears South.) Heave to on the Starboard Tack. Heave to on the Starboard Tack. 
“ N. Wi“ Pei do do do do 


4 “West. do do do do 

4 Sh ea he do do Run 50 miles to the S. W. and heave to. 
4 NOPE do do Heave to on the Starboard Tack. 

= “ —N. E. |Run 50 miles to N. W. snd heave to. do do 


East. | Heave to on the Starboard Tack. do do 
me. EB, do . do do do 


Nore. The Hurricanes in the South Atlantic, after leaving the Latitude of 30° S. recurve to the 8. E. A Ship meet- 
ing these Hurricaues iu a higher Latitude would be in their direet path, when she has the Wind at N. E., because on 
turning your buck to the Wind, the right hand will point to the Foeus bearing N. W., and its path being 8. E. wil! 
overtake her unless she gets out of its way by ruuuing off 50 miles to the S. W. 
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REMARKS ON HURRICANES. 


The following remarks on handling a Ship in a Hurricane, may be found useful: When a Ship is 
approaching the locality of Hurricanes, the Barometer should be carefully watched, and when it has fallen 
rapidly from about 30 inches to 29 20, the Ship is then on the verge of a Storm Cirele At the same time 
the weather will appear threatening, with heavy. bluish-looking clouds in the sky. At other times, it sets 
m with small rain, and the Wind increases gradually. Now is the time to consider which side of the 
Storm Circle the Ship is on, from the direction in which the Wind is then blowing, by the rules already 
given for that purpose. ; 

The most severe Hurricanes, especially those in the Indian Ocean and China Seas, generally give notice 
of their approach by the rapid falling of the Barometer about an inch, when no other indications in the 
sky are visible, at from 12 hours to 48 hours before the verge of the Storm reaches the Ship. And in this 
case no time should be lost in preparing the Ship to encounter it, by sending down on deek all the light 
spars and rigging, and the studding-sails out of the tops, rigging in the flying-jib and standing-jib booms, 
securing the boats and hatchways, and the sails (which .are furled to the yards) with double gaskets, 
because after the Hurricane sets in, the violence of the Wind is so great that it will be found impossible 
for men to go aloft or to do any work whatever. Upon the same principle the Ship’s place in the Storm 
Cirele should be ascertained as soon as possible, and arrangements made for her safety by running out of 
its path, if necessary, before the wind has increased to that degree that no sail can withstand, or to heave 
to on the proper tack. 

Instances have been known of Ships getting into the Storm Circle, and been obliged to seud before the 
Wind under bare poles, and changing their Course as the Wind veered, and have been kept seudding round 
the Focus for several days together, and only got liberated after the Meteor had spent itself, and found them- 
selves several hundreds of miles to the Westward of where they had entered it. 

A Transport Ship, with troops on board, from Ceylon, bound to the Island of Mauritius, fell in with one 
of those Hurricanes on the 26th of Mareh. At midnight the Barometer had fallen to 28.90. Wind blow- 
ing hard at West. And the captain, not being acquainted with the theory of storms, the Ship was kept 
on her course to the 8S. S. W. 50 miles, and next day the centre of the Hurricane burst upon her, and threw 
her completely on her beam ends. All ihree masts went by the board, and she righted a little. The 
wreck of the masts alongside knocked off her rudder, and caused her also to leak badly ; and so severe was 
the Hurricane and sea that the men were frequently washed from the pumps, the Ship laying all the time 
in the trough of the sea, and her decks were continually swept. For three days this Hurrieane continued, 
and during all that time the hatches had to be kept carefully closed to prevent her going down. And when 
the storm abated so that the hatebes could be raised a little, 14 of the soldiers were found dead by suffoea- 
tion from the want of fresh air in the hold. 

Now there is not a shadow of a doubt but this was caused by the ignorance of the captain, in allowing 
- the Ship to stand on to the 8. 8. W. 50 miles, after the Barometer had fallen to 28.90, and which placed 
her right in the centre of the Hurrieane. 

By referring to the Diagram for South Latitude, it will be seen that with the Wind at West, the Ship 
would be on the Northern verge of the Storm Circle, and the rule applied, of turn your baek to the Wiud 
and the right hand points to the centre. The right hand in this ease points to the South, and whieh was 
the course the vessel steered for 50 miles, which brought her into the centre of the Hurricane. Now it may 
be pointed out how she not only could have eseaped allthis disaster, but actually to have made a fair wind 
out of part of this Hurricane, as follows: Suppose her to have run off E. N. E. or East with her Westerly 
Wind, until she raised her Barometer to 29.20, which she would have quickly done. She might then have 
hauled gradually to the Southward as the Wind veered to the North and N. E., and thus pass round behind 
or to the Eastward of the storm, and:as the Meteor was advancing at the rate of perhaps 30 miles an hour 
to the W. S. W. it would have.soon passed her locality. ; 

At all events, by sacrificing: say 150 miles, by running out of her course to the Eastward, she would 
have sooner got clear of it and without damage. Or by heaving to at once with her head to the Southward 
on the starboard tack, when the Barometer had fallen. to 29.30, she would then have been on the oute» 
verge of the Storm Circle, and allowed the storm to pass by her. . 

The path of the Hurricanes in the N. Atlantic Ocean being near the coast of America, the sume advan- 
tage (that is, to get behind the storm) is not always practieal for the want of sea room to perform the 
necessary evolutions in. But supposing a ease of a Ship falling in with a Hurricane to the Eastward of 
the West India Islands, when bound to the Northward. The Barometer has fallen rapidly to 29 inehes. 
Wind at West. Under close reefs. Apply the rule, turn your back to the Wind, and the left hand wili 
point to the focus bearing North, in the very direction the vessel is steering. * 

On referring to the Diagram for North Latitude, it will be perceived that the Ship is on the Southern 
verge of the Storm Cirele. and the barometer at 29 inches would place her within 60 miles of its centre. 
Now, as before observed, if she has sea-room, she may not only eseape the effects of the storm, but make a 
fair Wind out of part of this Hurricane by running off to the Eastward with her Westerly Wind, until the 
Barometer rises, which it will soon do, to 29.20. She may then haul gradually to the Northward as the 
Wind veers to the 8. W. and South. and thus continue on her course. 

A Ship falling in with a Hurricane off the coast of the United States, its path being then to the N. E, 
the same difficulty cecurs again, that is, the want of sea-room. But suppose a case. A Ship bound to the 
S. E. has the Barometer fallen rapidly to 29 inches. Wind at N. E. Under close reefs. Now turn your 
back to the Wind, and the left hand will point to the Focus bearing S. E., distant about 60 miles, and in 
the very direction the Ship is steering. and 60 miles more of a run, will plunge her right into its centre. 

On referring again to the Diagram for North Latitude, it will be perceived that the Ship is on the North- 
western verge of the Storm Cirele, and to escape its effects and turn part of it into a fair Wind, run off to 
the S. W. with this N. E. Wind, until the Barometer rises to 29.20. whieh it will soon do. and then bau] 
gradually to the 8S. E. as the Wind veers to N. and N. W., thus passing round behind the Meteor. 
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The distance which a Ship would require to run (at right angles to her course) before sne raised the 
Barometer to 29.20, would probably be about 100 miles, and which would take her 10 hours to perform, at 
the rate of 10 knots an hour. But she would soon make up the lost time when the wind veers so that she 
can regain her proper course. 

Had she been hove to in the first case when the Barometer fell to 29 inches, with her head to the North- 
ward, on the Port tack, the Meteor would have passed to the Northward of the Ship on its path towards 
the W. N. W., and the Wind as usual would have veered to the S. W. and South, and she would then luff 
up and bow the sea, but would be kept perhaps two or three days in the storm. 

And in the second case, by heaving to under the same circumstances, the storm would pass to the South- : 
eastward of the ship, on its path towards the N. E.; and the Wind veering to the North and N. W., she 
- would luff up as before, but would also be kept 2 or 3 days in the storm laid to. 
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THE CONSTRUCTION AND USE OF MERCATOR’S CHART. 


: ’ 
As the surface of the Globe is round, while that of the paper .is flat, every chart exhibiting any extent 
of surface is necessarily an artificial construction, or, as it is called, projection of the real state of things. 
The Charts used in navigation are those on Mercator’s Projection, because’on this alone the track of a 
Ship always steering the same course appears a straight line ; and thus all calculations respecting the Lati- 
tude and Longitude of a Ship steering a course which cuts all the Meridians at the same angle, are reduced 
to the utmost simplicity. ys ven . ta 
On Mereator’s Chart all the Meridians are parallel and the degrees of Longitude are all equal, and of 
the same length throughout, as a degree of Latitude is on the Equator. The degrees of Latitude are 
unequal, being extended at each Latitude beyond their proper lengths; in the same proportion as the degrees 
of Longitude are diminished on the Globe towards the Poles. C.n8 ~ 
The miles of Latitude are consequently increased. towards the Poles. so that in the Latitude of 60° a 
degree of Longitude will measure 30 of these miles only, and near the Poles 1 mile of Latitude is equal to 
a degree of Longitude. | 


TO CONSTRUCT A CHART ON MERCATOR’S PROJECTION. — 


Having first determined the limits-of the proposed Chart, that is, the number of degrees of Latitude anc 
Longitude it is to contain, and the degree of each it is to commence from, take out the Meridional part: 
‘rom Table III, corresponding to each degree of Latitude within the intended limits, and find the difference 
between the Meridional parts of each succeeding degree, or every fifth degree (if the seale is small.) 
Reduce the difference of the Meridional parts into degrees by. dividing them by 60. Draw a line at the 
bottom margin of the paper, to represent the parallel of the least Latitude, on which lay off the proposed 
number of Degrees of Longitude, taken from a scale of equal parts, or the space to be occupied by the Lon- 
gitude can be divided into equal parts. Draw another line at the top margin parallel to the bottom one, 
and divide it also into the like number of equal parts. This top line or parallel of Latitude must be drawn 
at a distance from the bottom one equal to the Meridional Difference of Latitude between the extreme Lai- 
itudes, taken from the scale of Longitude, which must previously be graduated to Degrees and Minutes. 

Take the Meridional Difference of Latitude between the least Latitude and the next fifth degree, from 
the graduated scale of Longitude, and lay it off on both sides from the parallel of least Latitude upwards, 
and draw the parallel of Latitude line for that degree. In like manner lay off the next fifth degree, and 
draw its parallel of Latittde, and draw the Meridians through every fifth degree of Longitude at top and 
bottom. ; 

Draw Compasses, showing the Rhumb-lines at convenient places on the Chart, and the principal points 
of the coasts are then laid down according to their Latitude and Longitude, and the coast-line filled in by 
hand. The variation of the Compass, and other matters that are usually inserted, are then introduced. 


EXAMPLE. : 
Required to construct a Chart, extending from 29 degrees West Longitude to 60 degrees West Longitude from 
Greenwich, and from the Equator to 50 degrees North Latitude. AR 
Take out the Meridional parts for every fifth degree with their Difference as follows : 
Latitudes. | Merid. Parts. —_— Differences. y 


5 300 . 300 = 5° 0! 
10 603 303 = 5 3 
15 910 307 = Ber 
20 1225 815 = 5 15 
- 25 1550 825 = 5 25 
30 1888 338 = 5 38 
35 2244 856 a. 5 56 
40 2628 379 aa 6 19 
45 3030 407 = 6 447 
50 3474 444 wees 4" 24 


Divide the bottom line into 40 equal parts, which will represent the Degrees of Longitude on the Equator. Form 
a Scale of miles 60 to the Degree; take the first Difference 5° 0’ in the Compasses, and lay it off from the Equator 
op both sides, and draw the parallel of 5°; from this parallel lay off the next Difference 5° 3’, and so on. 
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CONSTRUCTION OF MERCATOR’S CHART. AT 


TO CONSTRUCT A PARTICULAR CHART ON A LARGE SCALE. 


When the Chart does not commence at the Equator, but is to serve for a portion of a coast contained 
between two parallels of Latitude on the same side of the Equator, draw a line at the bottom margin of the 
paper, to represent the least parallel of Latitude. 

Divide the given inches to the Degree, (according to the scale required,) into 60 equal parts, which will 
represent miles of Latitude, 

Now enter the Traverse Table with the least Latitude as a Course, and find the length of a Degree of 
Longitude in that parallel; that is, take 60 minutes of Longitude in the Distance Column, sash in the 
Latitude Column will be found the length of the Degree of Longitude, in miles, 

Take this length of the Degree of Longitude i in the dividers fri the seale of miles of Latitude, and lay 
off on the botiom margin line as many Degrees of Longitude as required in the Chart, and diy ide each into 
60 equal paris, and draw Meridians.at each side. 

Enter ‘lable IIL., and take out the Meridional paris for each Latitude, beginning with the least Latitude 
and take the Differ. between that and the next greater. Take this Meridional Difference of Latitude in the 
dividers from the graduated Seale of Longitude, and lay it off on each Meridian from the bottom ‘margin 
line. or least parallel of Latitude, and draw the next greater parallel of Latitude. From this last. parallel 
of Latitude lay off the Meridional Difference of Latitude between that and the next, and draw the next 
parallel of Latitude, and so on, to the extent required. Divide the greatest parallel at Latitude, at the 
top, into the same rier of Degrees and Minutes of Longitude as at the bottom margin, and draw. Merid- 
ians through each Degree of Longitude, and number the Degrees of Longitude (whenever the Latitude is 
North of the Equator, and the Longitude “West from Greenwich, ,) from Right to Left, and vice versa. 

When the Chart is to be bounded by Parallels of Latitude on different sides of the Equator, to the extent 
of a few Degrees only, the Degrees of Latitude and Longitude being of the same length, we. first draw the 
Equator and lay off the Degrees of Latitude (according to the cealo required) North. and South of it, and 
draw the Parallels of Latitude. The Degrees of Longitude on the Equator are then made of the same 
length, and the Meridians drawn as batore: This is called a Plane Chart, and can only be thus constructed 
near the Equator, Having thus drawn and graduated the Parallels of Latitude and the Meridians of Lon- 
gitude, the Latitudes and Longitudes of places are laid down, and the coast-lines sketched by hand. . Rocks 
and shoals are then inserted, with the depth of waterat low water, spring tides, the setting of the tides, 
ihe times of high water, full and change, variation of the compass, ke. ; ; and one or more Compasses are 
inserted in i lta convenient parts of the Chart. 


an me EXAMPLE. 


Required to construct a Chart between the Latitudes of 40° and 43° North and the Longitude of 69° and 72° 
West from Gr eeniwich, on a Scale of 2 inches to the Degree of Latitude. (See-Fi ig. 21.) 4 


Drag a line at the bottom margin of the papersiD feproserté the parallel ‘of 40° ; take 2 inches from. the 
Plane Scale and divide it into 60 equal parts, representing miles of Latitude: Enter the Traverse Table 
with Latitude 40° as a Course, and 60 miles of Longitude in the Distance Column. Then in the Latitude 
Column opposite will be found 46 miles, the required length of a Degree of Longitude in that parallel of 
Latitude. Now take this 46 miles in the dividers, from “the two inch scale, and lay off 3° of Longitude, 
divide them into 60 miles each, and draw a Meridian line. at each side.” Enter Table Ht, and take out 
the Meridional parts for each Latitude, beginning with the least, as follows 


pa: ree yaar 40° Meri. Parse S so. oe 2623 : AN 
tea erp es 41 Pes te Shear as Wwe 2702" Diff... .....79'==1° 19’ 
Geib eae Bo neatc o ohe wae 2782 So gt arch btabSGlt b's 80 1 20 — 
UNE GLa tesie’ 6 43 Rhee peers a "be Blo ae 2868 Pt han an 281 ==] 21 


Now take 1° 19’ in the dividers, from the Seale of Longitude, and lay it off on the Meridian lines from : 
the parallel of least Latitude, 40°, and draw the par allel of 41°. In like manner. from the parallel of 41° 
lay off 1° 20’, and draw the parallel of 42°, and 1° 21’ laid off will give the parallel of 44°. Divide this 
last parallel of Latitude into Degrees and Minutes of Longitude, the same as the parallel of 40° at ‘the 
bottom margin, and draw. the Meridian lines. Divide the Degrees of Latitude into 60 miles each, and! 
number the Degrees of Longitude from Right to Left, because the Longitude is West from Greenwich, 

Lay off the Latitudes and Longitudes of the most gears eta of the Coast, and fill in the Coast 
line by hand, &e. 4 
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THE USE OF MERCATOR’S CHART. 


TO PRICK OFF THE SHIP’S PLACE’'ON THE CHART. 


Lay the edge of the parallel ruler along the nearest parallel of Latitude line, and move one cf its sides 
until its edge is over the Degree and Minute of Latitude required, and as near as possible to tie required 
Longitude. Draw a pencil line, which will represent the Ship’s parallel of Latitude. Take the Longitude 
with a pair of dividers from the scale, one foot being on the nearest less Meridian, and the other at the 
Degree and Minute required. Then with one foot on that Meridian, extend the other along the Ship’s par- 
allel of Latitude, and mark the spot, which is. the Ship’s place required. tat © 

Or, lay the edge of the parallel ruler along the nearest less Meridian line, and move one of its’sides 
until the edge is over the Degree and Minute of Longitude required, and transfer the same to the Ship’s 
parallel of Latitude. Draw a pencil line, and at the intersection of these two lines will be the Ship’s 
place. (See Chart, Fig. 20, page 46.) 


EXAMPLE. 


Lay off the Ship’s position on the Chart, Latitude 19° 30’ N. and Longitude 42° W. 


The nearest less parallel of Latitude is 15°; a ruler on this, and moved up to Latitude 19° 30’ on the 
Graduated Seale, gives the Ship’s parallel of Latitude. Then with one foot of the dividers on the nearest 
less Meridian of 40° on the Scale of Longitude, and the other extended to 42°, transferred to the Ship’s par- 
allel of Latitude, points out the Ship’s place. 

This is done at least once every day at noon, and being connected together with a pencil line, shows the 
Ship’s track on the Chart from day to day. | 


TO SHAPE A COURSE ON THE CHART. 


Lay the edge of the parallel ruler over the Ship’s place and the place she is bound to. Move the ruler 
over the Chart until its edge is placed over the centre of the nearest Compass, which will give the True 
Course. Then, if the variation of the Compass is Westerly, it must be allowed to the Right hand of this 
True Course, but if Easterly, to the Left hand of the True Course, will give the Course required to steer by 


Compass. ; 


EXAMPLE 1. 


A Ship in Latitude 19° 30’ and Longitude 42° W., is required to shape a Course by Compass to St. Antonio, one 
of the Cape Verde Islands. (See Chart, Fig. 20, page 46.) 

Lay the Ruler over the Ship’s place and that of the Island, and move the edge of it over the centre of 
the nearest Compass, gives the True Course E.? 8. The variation of the Compass being 14 points West- 
erly, which, allowed to the Right hand, gives the Compass Course required E. 8S, E. 


EXAMPLE 2. 


Required the Course to the mouth of the River Amazon from the same position. 


‘Lay the ruler over the Ship’s place and that of the River Amazon, and refer it to the centre of the Com- 
pass as before, will give the True Course 8.8. W. The Variation being + point Easterly, which allowed 
.to the Left hand gives the Compass Course required S. by W. + W. - 


, 


TO MEASURE THE DISTANCE BETWEEN TWO PLACES ON THE CHART. 


When the places lie nearly North or South of each other, their Difference of Latitude is the Distance 
‘required. Extend the feet of the dividers to the places, and refer this extent to the Scale of Latitude 
between the parallels, and count the number of Degrees and Minutes contained, which multiplied by 60 (and 
taking in the odd Minutes) will be the Distance required. 


+ 
EXAMPLE 1. 


Required the Bearing and Distance of St. Mary, one of the Western Islands, from St. Antonio, one of the Cape 
Verde Islands, both Islands being on the same Meridians. 

Answer.—The True Bearing is North, and 2 points Westerly variation allowed to the Right hand gives 
vthe Bearing by Compass N. N. E. The extent of their Distance in the dividers, and applied to the Scale 
of Latitude from the parallel of 17° 12’ N. to 36° 59’ N., contains 19° 47’, which multiplied by 60 gives 
ethe True Distance 1187 miles. 
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When the places lie nearly East or West, or on the same parallel of Latitude, extend the feet of the 
' dividers between the places, and refer this extent to the Seale of Latitude, holding the centre or joint of 
the dividers directly over their parallel of Latitude, so that each foot may reach to equal distances from it. 
Count the number of Degrees and Minutes contained between the feet of the dividers. which multiply by 
60, (and taking in the odd Minutes) will be the Distance required. But if the Distance is too great for the 
dividers, take, say 10° from the scale (5° on each side of the parallel of Latitude) find how many times 
this extent of 10° can be obtained between the places. Then contract the dividers and measure the 
remainder, holding the centre of the dividers over the parallel of Latitude as before, and count the number 
of Degrees and Minutes they contain. Add this to the number of tens of degrees already measured, which 
multiplied by 60 (and taking in the edd Minutes) will give the Distance required. 


EXAMPLE 2. 


Required the Bearing and Distance of the Island of Barbadoes from the Isle of Brava, one of the Cape Verde 
Islands, in nearly the same parallel of Latitude. 


Answer.—The True Bearing is W.? S8., and 4a point Westerly variation allowed to the Right hand, 
gives the Compass bearing W.¢N. The distance being too great to be measured at one time, take 10° in 
the dividers, 5 on each side of the parallel of Latitude, and with one foot of the dividers on Brava, it will 
take 3 times this extent, or 30°, to reach near to Barbadoes.. Then the remainder of the distance taken in 
the dividers, will be found to measure 4°. Total 34°; which multiplied by 60, gives the Distance, 2040 
miles. 


When the places lie oblequely, neither being in the same Latitude or Longitude. 


Find the Middle Latitude between the places. Take the distance between them in the dividers, and 
refer it to the graduated Scale of Latitude, holding the centre or joint of the dividers directly over the 
Middle Parallel of Latitude. so that each foot may reach to an equal distance from it, and count the 
Degrees and Minutes contained in the dividers, and proceed as before. But if the Distance be too great to 
be taken in the dividers, take an equal number of degrees on each side of the Middle Parallel of Latitude, 
and proceed as in the last Example. 


EXAMPLE 3. 
Required the Bearing and Distance of St. John’s, Newfoundland, from St. Antonio, one of the Cape Verde Islands. 


Answer —The True Bearing is N.W.iN., and 2 points of Westerly variation allowed to the Right hand, 
gives the Compass bearing N. by W.4 W. The ‘Middle Parallel of Latitude is 32°. Take 10° in the 
dividers, that is, § on each side of 32°, from the Scale of Latitude, and with one foot on St. Antonio, 3 
times this extent, or 30°, will reach short of St. John’s. The remainder of the Distance taken in the 
dividers, middled again at 32°, will give 9° more, or 39°, which multiplied by 60, gives the Distance 
required, 2340 miles. (See Chart, Fig. 20, page 47.) 


THE COURSE AND DISTANCE GIVEN, TO FIND THE LATITUDE AND LONGITUDE IN. 


Allow the variation on the Compass Course steered-to the Left hand, if the variation is Westerly, but 
to the Right hand if Easterly, will give the True Course. Lay the edge of the parallel ruler over the 
centre of the nearest Compass on this Course, and transfer it to the Ship’s place of departure, and draw 
a pencil track. Take the Distance run from the Seale of Latitude, middled on the Middle Parallel of 
Latitude the Ship has sailed in, and lay it off on the track, which will be the Ship’s place. Take the 
Distance in the dividers between it and the nearest less Parallel of Latitude line, and refer it to the Seale 
of Latitude, will give her Latitude in. In like manner, take the Distance between the Ship’s place and 
the nearest less Meridian line, and refer it to the Scale of Longitude, will give her Longitude in. 


EXAMPLE. 


A Ship from Barbadces sails N. E. by Compass 300 miles. Variation of the Compass $a point Easterly. 
Required her Latitude and Longitude in. 


Answer.—The True Course is N. E. + E.; the variation being allowed to the Right hand, because it is 
Easterly, and the Distance, 300 miles, or 5°, taken in the dividers, from the Scale of Latitude, to the North- 
ward of the Parallel ef Barbadoes, and laid off on this N. E. } E. Track, will give the Ship’s place. The 
nearest less Parallel of Latitude line is 15°. A parallel ruler laid on this line, and moved up to the Ship’s 
place, and then referred to the Sale of Latitude, will give her Latitude in, 16° 20’ N. The nearest less 
Meridian line is 55°, and the Difference in like manner referred to the Scale of Longitude, gives her Lon- 
gitude in, 55°40’ West. Or the Latitude may be ascertained by taking the Difference between the Ship’s 
place and the nearest less parallel of Latitude, 15°, in the dividers, and applying it to the Scale of Latitude, 
gives her Latitude in, 16° 20’. And in like manner the Longitude is found . by taking the Difference 
between the Ship’s place and the nearest less Meridian line, 15°, in the dividers, and applying it to the Seale 
of Longitude, gives the Longitude in, 55° 40’ W. 
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USE OF THE COASTING CHART. 


To find the Ship's Position from the Latitude Observed ani the Bearing of the Land by Compass, 


Rute.—Place the edge of the ruler along the nearest less Parallel of Latitude line, and move it up to the required 
one on the Seale of Latitude, and draw a pencil line, which will be the Ship’s Parallel of Latitude. Correct the 
Compass bearing by allowing the Variation as before directed, whieh will give the True Bearing of the object. Place 
the edge of the ruler over the centre of the nearest Compass, and transfer this True Bearing to the object by moving 
the ruler until its edge is placed over it, and draw a pencil line, and where this line cuts the Ship’s Parallel of 
Latitude is the Ship’s place. by this means her Longitude in and Distance off the object is ascertained. 


EXAMPLE. 


A Ship observed her Latitude to be 40° 45’ N. At the same time Montauk Point Light House bore by Compass ° 
Nk. W.2 N. Variation? point Westerly. ‘Required her Distance off the Point and her Longitude in. (See Chart, 
Fiz. 21, page 47.) 


* 

Answer.—Having drawn the Parallel of Latitude line of 40° 43’ N., allowing the variation on the 
Compass bearing, gives the true bearing N. W. A line drawn in that direction from Montauk Point inter- 
sects the Parallel of Latitude and gives the Ship’s place. Her Distance off being 30 miles, and her 
Longitude in 71° 22’ W. 


To find the Ship’s Position from the Cross Bearing of two Objects on the Land. 


Ruiz.—Take the Bearings by the Compass, and correct them for the Variation, as before directed, which will give 
the True Bearings. Place the edge of the ruler over the centre of the nearest Compass, and transfer this True 
Bearing to the objects. Draw pencil lines from each,, and where they cross each other is the Ship's place. 


EXAMPLE. 


Montuuk Point bore N. W.%N., and the East end of Block Island N.N.E.2E. Variation 2 point Westerly. 
Required the Distance off each object, and the Latitude and Longitude in. - 


Answer. —The True Bearing of Montauk Point is N. W. and Block Island N. N. E. The former is 11 
miles, and the latter 14 miles distant from the Ship. Latitude in 40° 56’ N. and Longi ude in 71° 40’ W. 


Having the Shap’s Correct Position from Cross Bearings, to Shape a Course along Shore, or to clear a Shoal, 
or other Danger. (See Chart, Fig. 21, page 47.) 


Rurz.—Place the edge of the ruler over the Ship’s place, and in a direction which will lead the Ship clear of 
danger, move the ruler along and place its edge over the centre of a Compass, which will give the True Course. 
Then, if the variation is Westerly, allow it to the Right hand of this True Course, will give the Compass Course 
required to steer, but if the variation is Easterly, allow it to the Left hand of the True Course. 


EXAMPLE. 


\ 
Required to shape a Course from the position found by Cross Bearing in the last Example, so as to pass clear 
through midway between Nantucket and its Shoals, and the Distance to run until abreast of the New South Shoal. 


Answer.—The True Course to pass midway is E.2 N. The variation % of a point to the Right gives 
the Compass Course, East. The Distance to the South Shoal in the dividers. and middled on the Parallel 
of Latitude, 41°, gives the Distance off, 80 miles. 


The Latitude by Observation and Soundings given, to find the Ship's Position. 


Rurr.—Place the ruler on the nearest Parallel of Latitude line, and move it up to the required Latitnde, and 
dvaw a pencil line, which will represent the Ship’s Parallel of Latitude. Ther where the Soundings obtuined are 
found to agree with that laid down in the Chart, is the Ship's place. 


« 


EXAMPLE. 


A Ship, in the Parallel of Latitude of Neversink by observation, 40° 23’ N., Sounded in 30 fathoms water. 
Required her Longitude in and Distance off. 


Answer.—Her Longitude in at the time of Sounding was 72° 20’ W.. and her Distance off the High 
Land of Neversink was 76 miles. 
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To find tne Distance by two Bearings of the same Object having the Course and Distance Run between them. 


-Ruve. Take the Bearing by the Compass, and note the time by watch, and after the first Bearing bas been altered 
at least 3 points, take a second Bearing and note the time by watch. Ascertain the True Course the vessel -has 
made, and the Distance run in the interval between the Bearings. Allow the variation on the Compass Bearings, 
and find the True Bearings, which lay off on the Chart as in the former examples, and draw pencil lines. Lay the 
ruler over the Course made good, and take the Distance run in the dividers. Move the edge of the ruler up on the 
two lines, until the points of the dividers reach to both lines at the edge of the ruler, and draw a pencil line, and 
the result is the Ship’s Distance off the object at the time of each Bearing, and also her Latitude and Longitude in 
at those times. 


EXAMPLE 1. 


At 8 A. M, Cape Cod bore by Compass S. S. W. = W., and at 10 A. M. it bore W. by 8.48. Course steered 
E. by 8.¢8. Rate of Sailing 10 knotsan hour Variation $ of a point Westerly. Required the Ship’s Distance 
. off at the time of both Bearings. 

Answer.—The first Bearing 8.8. W.% W. Corrected for variation is S.S. W. The second Bearing W. 
by S. + S., corrected is W. S. W., and laid off on the Chart; then ihe Course steered E. by S. + S.. corrected 
for variation is E. 4 S., and the Distance run in the interval, 20 miles, applied to the Ship’s track drawn 
across the two lines of Bearings. gives her Distance off at 8 A. M., 13 miles, and her Distance off at 
10 A. M. 27 miles. (See Chart, Fig. 21, page 47.) 


EXAMPLE 2. 


At 6 P. M. Barnegat Light came in sight, bearing by Compass 8S. W. by W. Ship sailed on a S. by W.4 W. 
Course, at the rate of 8 knots an hour, with a two knot tide in her favor until 7 30 P. M. when the same Light 
was observed to bear N. W. by W. Variation 4 a point Westerly. Required her distance off at the time of both 
Bearings. 

Answer.—The Bearings corrected are S. W. + W. and N. W. by W.4 W. The True Course S. by W., 
and the Distance run in the interval of 14 hours is 12, to which add 3 for the effect of the Tide, making 
15 miles. The projection of this case on the Chart by the above rule gives her Distance off Barnegat at 
6 P. M. 154 miles; and at 7 30, 104 miles. (See Fig. 17, page 33.) . 


EXAMPLE 3. 


At 5 A. M. Neversink Light Houses bore by Compass W. by 8.4.8. Ship then sailed on a S.4 W. Course, at the 
rate of 54 knots an hour, until 7 A. M., when the same object bore N. W. by N. Required the Ship’s Latitude and 
Longitude in at the time of both Bearings. 

Answer —The Variation of 4 point allowed, gives the True Bearings W. 8. W., and N. W.34N. The 
True Course South, and the Distance run in the interval! of 2 hours, is 11 miles. This projected on the 
Chart in like manner as the last example, gives the position of the Ship at 5 A. M., Lat. 40° 26’ N., Lon. 
73° 51’ W.; and at 7 A. M., Lat. 40° 15’ N., and Lon. 73° 51’ W. 


EXAMPLE 4. 


At noon the N. W. end of St. Anthony (one of the Cape Verde Islands) bore 8. E. by E. by Compass. Ship then 
sailed on a South Course by Compass at the rate of 10 knots ar hour, until 4 P. M,, at which time it bore N. E. by 
E. The Variation here being 1} points Westerly. Required the Latitude and Longitude of the Ship at the time 
of both Bearings. 

Answer.—The True Bearings are E. by S. } S. and N.E.tN. The True Course 8 by E. 3 E., and the D:s- 
tance run in the interval of 4 hours is 40 miles. This projected on the Chart in like manner as the last, 
gives the Ship’s position at noon, Latitude 17° 23’ N., Longitude 25° 59’ W; and at 4 P. M. Latitude 
16° 45’ N., Longitude 25° 46’ 40” W. 

Norr.—These two last examples are very useful when it is required to find the Ship’s exact position when altitudes 


ure taken for the purpose of verifying the Chronometer from time to time during the voyage, and in ascertaining its 
error on Crecenwich Mean Time and daily rate, and which will be found fully explained at page 155. 
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SOUNDINGS. 


The Soundings marked on the Chart are those at low water spring tides, and the depth 1s noted in 
fathoms (or in feet in some of the harbor plans), and the nature of the bottom inserted. 

As the Ship’s place on the Chart can be determined by the Latitude observed and the Soundings laid 
down in that parallel of Latitude, it may also be determined within certain limits by a systematic manner 
ef Sounding on approaching the land in foggy weather or in dark stormy nights, which is always a proper 
precaution, however correctly the reckoning may have been kept, because near the shore the Ship is under 
the influence of either Tides or Currents, which may, in the course of a few hours, set her considerably out 
of her proper course. 

To obviate this, take Soundings early (when Soundings can be obtained), sayat noon. The Ship’s position 
by observation being then marked on the Chart, the Soundings as laid down at the Ship’s place may be 
compared with the depth obtained from Sounding. This may be taken as a point of Departure. Then the 
Course and Distance sailed, say every 4 hours, projected on the Chart, may be verified by the Soundings at 
the end of every 4 hours. and in the event of thick weather setting in (as is often the case in making the 
land) any deviation from the proper Course and Distance allowed. may be at once detected. Even althuugh 
tne vessel retains her proper Course, it gives greater confidence in the Reckoning, and does away with all 
doubt and anxiety on the subject. : 

But, as before observed, this system of Sounding must be commeneed early, so that the various Soundings 
obtained may be compared with each other, and also with those laid down on the Chart, from which a 
judgment may be formed of the Ship’s place from the track of Soundings she has passed over. 

Single Soundings taken without any reference to each other, are seldom of any use, and only tend to 
perplex the subject, except when the Latitude is known, or when the Ship comes suddenly into shoal water. 


REMARKS ON SOUNDING WITH THE LEAD. 


There are two Leads used for Sounding, the Hand Lead, weighing 14 pounds, and attached to about 25 
fathoms of line, and the Deep-Sea Lead, weighing 28 or 30 pounds, and attached to 100 fathoms or more of 
line wound on a reel, and a small Lead of 5 or 6 pounds is sometimes used in shoal water. The lower 
end of these Leads have a hole in which a lump of tallow is inserted, for the purpose of adhering to the 
ee of the sea and bringing up a portion of it for examination. This is called Arming the 

ead, ; 

_ The Hand Lead is only used in shallow water, and the Leadsman standing in the main channels, throws 
it as far forward as he can, swinging it once or twice over his head if necessary, to give it increased force, 
and endeavoring to draw the line tight from the Lead at the instant the Ship, by her progress, places him 
directly over it. The hand Lead descends about 40 fathoms in the first 6 seconds, hence when the vessel is 
going fast it is often difficult to get Soundings, unless her way is deadened. 

The line is marked as follows: Blue at 3, White at 5, Red at 7, Leather at 10, Blue at 13, White at 15, 
Red at 17, and 2 knots at 20 fathoms. These numbers are called Marks, and the intermediate ones Deeps. 
For example : In obtaining 7 fathoms, the Leadsman calls out, “ By the Mark seven.” In 8 fathoms, “ By 
the Deep eight.” The fathorn is divided into a half and quarters. 74+ fathoms are called “and a quarter 
ceven,” 7} fathoms “and a half seven,” 7% fathoms “a quarter less eight.” 

In heaving the Deep-Sea Lead, it is carried forward to the weather cat-head, (and sometimes to the 
lee cat-head if the Ship is making much leeway.) The line being passed forward to windward and 
outside of all, the Ship’s way is then reduced, if necessary, and the Lead dropped, and as soon as it 
is felt to strike the bottom the line is hauled in a little and the bottom struck again. The mark at 
the surface of the water is then examined and the depth of water ascertained, allowing for the streaming 
of the line, caused by the vessel’s drift when hove to, and which sometimes amounts to 10 fathoms to 
the 100 of line run out. 

_ In Sounding in deep water in small vessels, which drift to leeward rapidly upon iosing their way, 
it is best to drop the Lead before the headway ceases, and to cause the vessel to gather stern-way, so 
as to pass over the Lead, which will thus have descended through a considerable depth perpendicularly. 

The deep-sea line is marked at each 10 fathoms by the corresponding number of knots, and with a 


single knot at each five fathoms. The error in Sounding is generally in excess, because the line can 
rarely be stretched straight from the Lead. 
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A J.ead-line should be well stretched and thoroughly wetted before it is measured and marked ; because 
it has a tendency to shrink up on being used; and it should afterwards be verified from time to time, 
to ascertain whether the marks remain correct. 

Soundings on board of Steam vessels may be made with more accuracy than on board of Seite 
vessels ; because they can be kept stationary while the line is running out by the aid of their wheels. 

Many inventions have been tried from time to time to obviate the inconvenience of rounding the Ship 
to when under a press of sail for the purpose of Sounding. ~ And amongst them may be mentioned as the 
best, Massey’s Lead, Burt’s Buoy and Nipper, and Ericeson’s Lead. 

Massey’s Lead registers the depth of water descended through, by wheel-work, set in motion by a fly 
acted on by the water as it descends. But in great depths this fly is liable to be crushed. 

In Burt’s Buoy and Nipper, the line being rove through a spring-catch in the buoy, the Lead is dropped 
(and the buoy afterwards) into the water. The line then continues to run through the catch till the Lead 
reaches the bottom, or is checked by a pull, when the catch firmly seizes the line attaching the buoy to it 
at the depth descended through it by the Lead, 

Ericeson’s Lead measures the depth of water by the space into which the air, (contained in a glass 
tube and reservoir within the Lead,) is condensed by the pressure of the water. The depth is indicated on 
a graduated scale by the height to which the water rises in the tube. 

These instruments require a great deal of care and circumspection in their management. For instance, 
by raising and lowering them alternately, they will be made to show the depth in excess, and they must 
be lowered gradually to the surface of the water. Moreover, they are all liable to get out of order in 
stormy weather, which is the very time they are most wanted. From these considerations, they have not 
come much into use amongst merchant vessels, the commanders of which preferring the old and safe 
method of sounding by the Deep-Sea Lead and Line, and which is more to be relied on in eases of 
emergency. 

In thick blowing weather, when a Ship is approaching the Coast, common prudence would dictate that 
she should be under easy gail ; and by the exercise of a little seamanship, Soundings can always be 
obtained sufficiently accurate to ensure the vessel’s safety, from the: use of their old and familiar friend, 
the Deep-Sea Lead and Line 
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NAUTICAL ASTRONOMY. 


DIAGRAM OF THE SOLAR SYSTEM, SHOWING THE PLANETARY ORBITS ROUND 
THE SUN. 


Fie. A. 


EXPLANATION OF THE FIGURE. 


The Arrows show the direction in which they revolve row d the Sun in the centre. 


No. 1. Orbit of Mereury. No 4. Orbit of Mars. 

Pog. of Vers. ero.) of Janie 

“ 3. “© of The Earth and her Moon. GS ** of Saturn. 
The Solar System is that in which our Earth is placed, and in which the Sun is supposed to be fixed in 
the centre. with several bodies. called Planets, similar to our Earth, revolving round him at different dis- 


tances from him and from each other, and which shine by the light borrowed from the Sun. 
The fixed Stars are supposed to be Suns which shine by their own light. and s tuated in the heavens at 
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such an immense distance from our system that it is found impossible to measure, or the human mind 
to conceive it. 

While the Earth and Planets are thus revolving round the Sun, from West to East, they have also 
a motion round their own axis in the same direction, and which, in the case of the Earth, produces 
our day and night. 

Although to a spectator placed in the Sun, the Planets would appear to’move in due order about 
him from West to E ast, yet to a spectator on the Earth their apparent motions appear to be very 
irregular. Sometimes they appear to move from West to East, and then to stand still. Then they seem 
to move from East to West, and after standing-some time they again move from West to East, and so on 
continually. This is easily detected by noticing the relative positions of a Planet and a fixed Star in the 
heavens on a certain night, and then again at an interval of a few nights after. This is caused by the 
Earth not being in the centre of the system. 

That is the real state of the case. But in conformity with the impression on the mind of the specta- 
tor, that the heavenly bodies appear to rise in the East and set in the West, (which in reality is caused by 
the Earth’s motion on its axis in a contrary direction,) and in treating of N autical Astronomy as applied to 
the purposes of Navigation, we suppose the Earth to be placed in the centre of the Universe, (See Fig. 1, 
page 56,) and that the Sun and all the other heavenly bodies revolve round it. This supposition accords 


with the senses of the spectator, which greatly simplifies the whole matter, and the conclusions arrived at 
come to the same thing. 


DESCRIPTION OF THE PLANETS; THEIR MAGNITUDE AND DISTANCE FROM THE SUN. 


The Sun is the great centre of our System, “and i is 890,000 English miles in diameter, and he turns once 
round on his axis from West to East in 25 days 10 hours. 

There are upwards of 17 Planets which revolve around the Sun as a centre, but many of these are 
invisible to the naked eye. Some of them have satellites or moons, which revolve round them, and being 
attracted to it, they are carried round the Sun along with the Planet, as in the case of our Earth and 
Moon. 

Out of all this number of Planets and Moons, only 5 can be made serviceable in the Practice of Naviga- 
tion at Sea, viz: Venus, Mars, Jupiter, Saturn, and the Moon. Mercury being always too near the Sun is 
seldom seen on account of the ‘sunlight, and the others are too small or too remote, and shine with such a 
feeble light that they can only be seen ‘and distinguished by using good. telescopes on shore. 

The path which the Planets describe round the Sun is called their Orbits. Mercury and Venus are 
called Inferior Planets, because their orbits are within that of the Earth, while the Earth, Mars, Jupiter, 
and Saturn are called Superior Planets, because their orbits include that of the Earth. 

Mercury is a small Planet; his diameter being only 3.200 miles. His distance from the Sun 37 millions 
of miles, and he performs his revolution in his orbit in 87 days 23 hours. 

Venus is the brightest of all the Planets. Her diameter is 7,687 miles. Her distance from the Sun 69 
millions of miles, and she performs her revolution in her orbit in 224 days 17 hours. On being viewed 
through a telescope she appears horned sometimes, like our Moon. When this Planet is in the Western 
part of her orbit she rises before the Sun, and. is then called the Morning Star. When in the Eastern, she 
shines after sunset, as the Evening. Star. 

The Earth is the next Planet in the system, the mean diameter of which is about 7,913 miles (See 

escription of the Earth at page 2d.) Its distance from the Sun is 95 millions of miles, ‘and its period of 
revolution in its orbit, 365 days 6 hours nearly, or one year, which produces the change i in our seasons, and 
turning on its axis in 23 hours and 56 minutes, produces our day and night. 

The Earth is attended by a satellite or moon, whose diameter is 2,161 miles, and her distance from the 
centre of the Earth is 240,000 miles. She goes round her orbit in 27 days 8 hours ; but recKoning from 
change to change, in 29} days, and she turns round on her axis in the same time, but always presents the 
same side to the Earth. And as she shines by the reflected light of the Sun, she appears differently 
according as she is situated with regard to him. When she is on the same side, her dark side is turned 
towards the Earth and is then invisible. This is called New Moon. When she is on the opposite side, her 
light side is turned towards the Earth. It is then said to be Full Moon. 

Mars is the next Planet to the Earth. His Diameter 1s 4,189 miles. His distance from the Sun is 144 
millions of miles. He performs his revolution in his orbit in about 687 days, and turns on his axis once in 
24 hours 40 minutes. Mars may be easily distinguished from the other Planets, by his red appearance. 
which is supposed to be caused by his dense atmosphere. 

Eleven small Planets revolve between the orbits of Mars and Jupiter, but as they are of no service to 
Navigation, it is useless to describe them. 

Jupiter is the next and largest of all the Planets, and is easily distinguished by his peculiar magnitude 
and light. His diameter is 89,170 miles. His distance from the Sun 494 millions of miles. He performs 
his revolution i in his orbit in 4 3393 days, or 12 years nearly, and he turns on his axis once in 9 hours and 
56 minutes. This Planet is attended by 4 satellites or moons, but is invisible to the naked eye. In viewing 
Jupiter through a telescope, these moons make a beautiful appearance, together with the belt over his 
equator, supposed to be caused by the swiftness of his diurnal motion, in drawing his clouds and vapors 
into that form. 

Saturn is the remotest of all the Planets which are useful in Navigation, and may be distinguished by 
his pale and feeble light. His diameter is 79,042 miles. His distance from the Sun is about 900 millions of 
nules. He performs “his revolution in his orbit in 29 years 167 days, and turns on his axis once in 10 
hours 16 minutes, and is attended by 7 moons. This Planet is different from all the others when viewed 
through a telescope, being furnished with a broad double luminous ring, which appears intended to increase 
the quantity of light received from the Sun, and which, on account of his vast distance from that body, — 
must be very feeble. 
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DIAGRAM OF THE*SPHERE, 


Drawn on the Plane of the Meridian in 45° North Latitude. 
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The Spectator is supposed. to be: situated at a great distance East of the Earth, and looking towards the West. 
‘ having North on the Right and South on the Left. 


TO. CONSTRUCT THE FIGURE. 


Take 60° from the line of Chords on the Plane Seale, and describe a cirele, which will repre- 
sent the Circular Dome of the Heavens, and from the centre draw a lesser circle, which will 
represent the Earth in the centre of the Sphere. Draw a horizontal line through the centre, which 
will cut the Earth in two halves, and represents the Rational Horizon. Draw another line perpendicular 
to it, which will divide the Heavens into four equal parts of 90° each. This line or circle is called the 
Prime Vertical, and passes through the East and West points in the centre. The top or point overhead 1s 
called the Zenith, which is 90° from the Rational Horizon ; and the bottom or point under foot is called 
the Nadir, also 90° from the Rational Horizon. 

Take 45° from the line of Chords. and with one foot of the dividers on the Right hand of the Horizon, 
lay it off upwards, and draw a line from thence through the centre, will represent the Elevated Pole of the 
Heavens and the Earth’s Polar Axis, At 90° from the Pole draw the Celestial Equator through the centre 
also, and it will be perceived that the Poles of the Heavens coincide with the Poles of the Earth, and the 
Celestial Equator coincides with the Equator of the Earth. 

Take 214° from the line of Chords, and with one foot of the dividers on the Left hand of the Horizon, 
lay it off upwards, will be the Sun’s place on the Meridian to the South of the spectator. This is called 
the Celesiial Meridian, and passes through the Poles of the Heavens. Lay 214° off in like manner tv the 
Right: vhen take 214° from the line of semi-tangents on the Plane Scale, and lay it off from the centre 
upwards, and through these three points describe a circle, which is called a Parallel of Altitude, and 
which in this case is the Parallel of the Sun’s Meridian Altitude, and is always measured from the 
Rational Horizon. Parallels of Altitudes are parallel with the Horizon. 


NAVIGATION AT SEA BY ASTAONOMICAL OBSERVATIONS. 5” 


DEFINITIONS 


This relates to finding the place of the Ship on the surface of the Earth from observations of the 
heavenly bodies. 

To the spectator at the surface of the Earth the heavens appear to form a vault, or the upper half of a 
hollow sphere, of which he is the centre. The Earth itself, or the ground or Sea on which he stands, 
occupying the lower half. And supposing the North Pole Siar to represent the Elevated Pole of the 
heavens, or the polar axis of the Earth extended to the heavens, that part of it which is situated 90° 
from the Polar Star will be the Celestial Equator, or the Great Cirele which passes round the heavens 
from East to West, the half of which only is above the horizon of the spectator, unless he is stand- 
ing on the North Pole of the Earth; then the Celestial Equator would extend around and coincide 
with his horizon, and the North Pole Star would then be seen directly over head. At the South Pole 
the Celestial Equator would also be in the horizon, and the North Polar Star under his feet. From 
which it is easy to imagine circles drawn in the heavens corresponding to those drawn on a terrestrial 
globe. 

A spectator conceives himself standing on the surface of the globe, with his feet toward the centre. 
Now, suppose he were to descend to the centre. and the upper half of the Earth, or globe, to be cut 
off horizontally, that is, parallel with the horizon, the surface of the lower half globe so exposed, and 
being produced on all sides to meet the concave Celestial sphere, is called the Rational Horizon. Every 
point of the Earth's surface has. therefore, a different rational horizon. But all these horizons meet in 
the centre of the Earth. (See Fig. 1.) 

Celestial observations taken at the surface, are reduced to the centre of the Earth; therefore the 
observer is supposed to be at the centre of #@e Earth. This is necessary in the case of the Moon, 
because she is near the Earth, and the Sun, and some others, But the fixed Stars being at such an im- 
mense distance from the Earth, its magnitude is nothing in comparison, so that the space between the 
centre, and the surface, or the Earth’s semi-diameter, would produce no change whatever in the places of 
the Stars in the heavens. Therefore, in drawing ficures for general purposes, the Earth is considered as 
a mere speck in the centre of the Sphere, and its “magnitude entirely neglected. 


The Zenith is the point vertically over the spectator’s head, and distant 90° from the rational horizon at 
every point. 


The point opposite the Zenith, or under ‘the spectator’s feet on the other side of the COnEEe is ae the 
Nadir. 


The Pole of the heavens is the point which remains fixed, while the rest of the Celestial surface seen 
above the horizon appear to revolve. That Pole which is above the horizon, is called the Elevated Pole. 


The Celestial Equator is a great circle passing round the heavens, at 90° distance from the Poles. in 
the same plane as the Earth’s s Equator, 


The Celestial Meridian is a circle passing through the Poles of the heavens, in the same plane as the 
Terrestrial Meridian. 


Circles of Altitude are circles passing through the Zenith, and vertical at the place of the observer, and 
are measured from the Horizon towards the Zenith. 


The Prime Vertical is the vertical circle passing through the East and West points in the apatre, and 
appears as a straight line. = 

Zenith Distance is the distance of any heavenly body from the Zenith. The Zenith Distance: is therefore 
the Difference between the Altitude and 90°. 
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DIAGRAM OF THE SPHERE. 
Drawn on the Plane of the Meridian-in 45° North Latitude. 
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In this Figure the Earth is supposed to be a mere Point in the Centre, and the Spectator situated at a great 
distance to the Eastward of it. 


TO CONSTRUCT THE FIGURE. 


Construct this figure in the same manner as in the preceding one. Then take 23° 28’ (the extent of the 
Sun’s Declination North or South of the Equator) from the line of Chords, and lay it off on both sides of 
the Celestial Equator on the Meridian Circle, and take the same quantity, 23° 28’, from the line of Semi- 
tangents, and lay it off on both sides of the Equator on the Earth’s axis. Then through these three points 
on each side of the Equator describe a Circle, which will be the Sun’s Parallels of Declination North and 
South of the Equator. Suppose the Sun on the Prime Vertical, in the one case, having North Declination, 
and in the Horizon, in the other case, having South Declination. A Circle drawn from the Poles through 
these two points, will be the Time Circle, and which will cut the Equator at right angles. Take the 
Distance between it and the Meridian Circle, will give the measurement of the hour angle from Noon on the 
line of semi-tangents backwards 67°. or 4 hours 28 minutes. The Sun being on the Prime Vertical in the 
one case, and rising or setting in the other. 

The Sun being on the Prime Vertical Cirele, which in this case is also his Azimuth Cirele, and which 
cuts the horizon at right angles, is measured on the horizon, towards the Polar side of the Meridian Circle, 
and in this ease measures 90°, on the line of semi-tangents. 

A Circle drawn from the Zenith to the Nadir, through the Sun’s place in the horizon, is called the 
Amplitude Circle, and which cuts the horizon at right angles. The Distance between it and the centre, 
or the East and West points, measured on the line of semi-tangents, gives the Amplitude, 34°, North, in 
ihe one case, because the Declination is North, and South in the other case, because the Declination is 
South. 
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DEFINITIONS. 
_* 
The Declination of a Heavenly Body is the portion of the Meridian contained between the Equator and 
the body, It is reckoned from the Equator, and is therefore either North or South. (See Fig. 2 ) 


Parallels of Declination are circles parallel io the Equator. Thus Declination is reckoned from the 
Celestial Equator, as Latitude on the surface of the Earth is reckoned from the Terrestrial Equator , 
and as both these circles are in one and the same plane, Declination and Terrestrial Latitude correspond. 


Polar Distance is an Arcof the Meridian contained between a Celestial body and the Pole, or the Angular 
Distance of a body trom the Pole. When the Latitude and Declination are of the same name. the Polar Dis- 
tance is the difference between the Declination and 90°. because the distance from the Pole to the Equator 1s 
90°. When the Latitude and Declination are of contrary names, the Polar Distance is the sum of the Deeli- 
nation and 90°. 


The Azimuth of a Celestial body is an Angle at the Zenith contained between the Meridian Circle of the 
place of the spectator and the Circle ot Altitude passing through the body. It is reckoned to begin from 
that part of the Meridian Cirele which is on the Polar side of the Zenith. that is, from the North in North 
Latitude. and from the South in South Latitude, The Supplement or Difference between it and 180° is fre- 
quently used for convenience, and reckoned from the opposite point. The Azimuth is measured by an Are 
of the Horizon contained between the Meridian Cirele of the place and the Circle of Altitude of the body, 
towards the East in the Morning and the West in the Afternoon. The Ship’s Course is the Azimuth of the 
Ship’s head, and reckoned from the North or South. So also is the bearing of an object its Azimuth. 

When a body is on the i Vertieal its Azimuth is 90°. 


The Amplitude of a body is an Are of the Horizon contained between a Celestial body at rising or set- 
ting, and the Prime Verticai Circle, or the East and West points. Amplitude is reckoned from the Kast or 
West towards the North when the Declination of the body is North, and towards the South when the 
Declination is South. 


The Latitude, or Distance of the observer from the Terrestrial Equator, is measured on the Celestial 
Sphere and is the Distance of his Zenith from the Celestial Equator. When the object isto the South of the 
observer, his Zenith is to the North of the body, and is called North Zenith Distance. When the obiect is 
North of the observer, his Zenith is to the South of the body, and is called South Zenith Distance. There- 
fore. when the Ticelinateon and Zenith distance are of the same name, their sum is the Latitude of that 
name: and when of contrary names their difference is the Latitude of the same name as the greater of the 
two. 


The Elevation of the Pole above the Horizon is equal to the Latitude of the place, and the Altitude of 
the uppermost point of the Equator on the Meridian is equal to the Co-Latitude, or the difference between 
the Latitude and 90°. By noting this, and also that the Equator passes through the East and West points, 
i’ is easy. in looking towards the Heavens, to figure in the mind, roughly, the position of this circle. This 
is often found useful in identifying a Star by meansof its Declination, which is measured from the Equator. 


The Hour Angle of a Celestial body is an Angle at the Pole contained between the Meridian Cfrele of 
thi» place and the Celestial Meridian or Time Circle, which passes through the body, and cuts the Equator 
at right angles. and is measured by an Are of the Equator contained between the Meridian Circle of the 
lace and the Time Cirele which passes through the body, and in the case of the Sun gives the apparent 
tine from noon. or his distance from the Meridian. reckoned at the rate of 15° to the hour. 

Thus in figure 2d we have the Co-Altitude, Co-Latitude, and Polar Distance; three sides of a Spherical 
Triongle given to find the Angle at the Pole, which is measured on the Equator. 

The Hour Angle is thus measured on the Celestial Equator, in the same way as Longitude is measured 
on the Terrestrial Equator. 
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DEFINITIONS. 
* 


The path on which ihe Sun appears to move, or the great Uirele which he seems to deserilbe in the 
Heavens, is called the Eeliptie. 


The Eeliptie is divided into Piel Signs, or portions of 30° each. cae the Signs of the Zodiae, which 
term means a space or belt of 8° wide on each side of the Eeliptic, in which the older discovered Pianets 
and the Moon appeared to move, and to which they were confined. The Signs, taken in the order in which 


the Sun moves through them, that is, in the contrary direction to the apparent diurnal motion, are as 
follows : 


ce Aries, (The Ram.) =: Libra, (The Balance.) 

% Taurus, (The Bull.) TM Seorpio, (The Scorpion.) 

i Gemini, (The Twins.) + Sagittarius, (The Archer.) 

£5 Caneer, (The Crabs.) | VS Capricornus, (The Goat.) 

£. Leo, (The Lion.) ee sx Aquarius, (The Water Bearer.) 
™ Virgo, (The Virgin.) | 2 Pisees, (The Fishes.) 


Besides this perpetual motion from West to East, the Sun is always changing his Declination, whieh 
varies between 23° 28’ N., and 23° 28’ S.. and he crosses the Equator twice in one year, namely: about 
the 21st of March, he is t then entering the first point of Aries, ard commences the Astronomical Year, and 
proceeds into North Declination. He crosses again about the 22d of September, and is then said to be in 
Libra, and proceeds into South Declination. 

When the Sun crosses the Equator, he rises and sets at 6 o’clock in all parts of the world. At these 
times, therefore, the days and nights are everywhere equal. 

The Sun attains his greatest North Declination about the 21st of June: he is then in the Tropie of 
Cancer; and his greatest South Declination about the 22d of December ; he is then in the ‘Tropic of 
Capricorn. 

Since it is Summer on that side of the Equator on which the Sun is, and Winter on that side on which 
he is not, the Seasons in South Latitude are reversed. 


The Common or Civil. Year, as most convenient for the affairs of life, includes ihe succession of the 
seasons. It is therefore the interval in whieh the Sun leaves any Parallel of Declination, and returns to it 
again, and is called a Tropical Year. Its length, that is, the average length of a number of sueh years. is 


365 days 5 hours 48 minutes 6 seconds of Como or Mean Time. The beginning of this Tropical Year 
commences on the 1st of January. 


Declination being the Distance of any Heavenly Body. North or South, of the Celestial Equator, it is used 


in determining the position of the Fixed Stars, exactly as Latitude is used in determining places on the 
Earth’s surface. 


Right Ascension of a Celestial Body is an Are of the Celestial Equator included between the first point 
of Aries and the Celestial Meridian of the body, and is reckoned from West to East. Circles of Right 
Ascension are drawn from the Poles-through the body, and eutting the Celestial Equator at right 

angles. 

The Celestial Equator is divided into 360° of Right Ascension, which, at the rate of 15° to the hour, 
make also 24 hours of time. Thus Right Ascension i is reckoned on the Celestial Equator, exactly as Lon- 
gitude of places on the Earth is reckoned-on the Terrestrial Equator. The first point of Arics being used 
as a first Meridian, and from which the Right Ascension of all the Heavenly Bodies are reckoned in hours 
and minutes, the same as the first Meridian of Greenwich is used to reckon the Longitude from, in Degrees 
and Minutes, 


Right Ascension is sik efore used in determining the places of the Heavenly Bodies, and is their distance 
in time from the first point of Aries. 


Sidereal Time begins when the first point of Arfes is on the Meridian, and is counted through the 24 
hours, till the same point returns again, which is called a Sidereal Day, and consists of 23 hours 56 min- 
utes 4 seconds of Common or Mean Time. 


The Hour Angle of the first point of Aries is the Right Ascension of the Meridian. 


62 NAUTICAL ASTRONOMY. 


DIAGRAM, * 


Showing the Motion of the Heavenly Bodies round the Pole, drawn on the Plane of the Celestial Equator 
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In this Figure the Spectator is supposed to be standing on the North Pole, facing toward the South, having 
East on the Right hand and West on the Left. 


TO CONSTRUCT THE FIGURE. 


Take 60° from the Chords and describe a circle which will represent the Celestial Equator. Draw a 
perpendicular line to represent the Meridian. Make ¥ the first point of Aries, and mark the Hours of 
Right Ascension round the Equator from Right to Left. according to the progression of the Heavenly 
Bodies, which is, from East to West. Mark the Sun, whose Right Ascension from the first point of Aries is 
Vil h. Then the Sun’s Hour Angle West of the Meridian at M is 3 hours, 

The first point of Aries having passed the Meridian 7 hours before the Sun. the Sun’s Hour Angle added 
to it gives Xh. as the Right Ascension of the Meridian, or, as it is called, the Sidereal Time, which com 
mences when the first point of Aries is on the Meridian, and is counted through the 24 hours, until it again 
comes to the same Meridian. | 

Suppose a Star, whose Right Ascension is XIX h., which has passed the opposite Meridian at N., its Hour 
Angle is 15h., counted from the Meridian round by the West, which, together make 34 h., from which sub- 
tract 24 h., gives Xh. for the Right Ascension of the Meridian; or, if counted to the Eastward. its Hour 
Anzle from the Meridian is 9h. Subtracted from XIX (its Right Ascension) gives the same. 

Suppose the Moon’s Right Ascension to be XIII, and her Hour Angle 21 h., which together make 34, from 
which subtract 24 hours, gives the Right Ascension of the Meridian as before, Xh. Or the Moon’s dis- 
tance from the Meridian to the East being 3 h., subtracted from her Right Ascension, gives the same. 

From the above figure it will be perceived that the Celestial bodies in their diurnal motion in the 
Heavens are continually forming Angles with the Meridian around the Pole from West to East, caused by 
the rotatory motion of the Earth on its axis, contrary to their motion in Right Ascension, which is from East 
to West, and which is caused by the Earth revolving round the Sun. 
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All Hour Angles, which are differences of Rigi.t Ascension of the Meridian and that of a Celestial body, 
may eet as portions of Sidereal Time. The interval of time in which a body describes an Hour 
Angle, depends on the rate at which its Right ascension changes. 


The Earth’s motion round its axis being penfectly uniform, becomes the real standard of a uniform 
measure of time. But as any Star passes the dian nearly 4 minutes earlierevery night, the beginning 
of the Sidereal Day has no connexion with that of the common, or Civil Day, as determined by light and 
darkness. 


The Hour Angle of the Sun, reckoned always Westward from the Meridian. is Apparent Time. Thus 
when the Sun’s Meridian has passed over 45° of the Celestial Equator to the Westward of the meridian of 
the place, it is said to be 3 hours Apparent Time. — 


The interval between the Sun’s passing the Meridian on one day and the next, or the apparent Solar 
Day, is not always of the same length, the difference being sometimes half a minute between one day and 
the next. But the time for general use must unite the two advantages of being regulated by the Sun and of 
being perfectly uniform. The mean, or average day of 24 hours, must therefore be an average taken of 
all the days inthe year. That is, such a day as the Sun would regulate if he moved uniformly in Right 
Ascension, or the time a Solar Clock would show, when set at 0 hours, 0 minutes, 0 seconds, at the instant 
the Sun was on the first point of Aries, and keeping uniform time until his return to the same point, 
would again show 0 hours, 0 minutes, 0 seconds. 


This average day is called the Mean Solar Day, and the time thus regulated, is called the Mean Time. 


The Sun being generally either behind or in advance of the position which he would have occupied if he 
had moved uniformly, Apparent Time is in general either fast or slow of Mean Time. The correction for this 
irregularity, that is, the Difference between the Sun-Dial and the Solar Clock, is called the Equation of 
Time. Mean Time i is, therefore, deduced from Apparent Time, by applying the correction for the Equa- 
tion of Time taken from the Nautical Almanac. 


Suppose O to be the place of the Sun, in Fig. 4, at 3 P. M. Apparent Time, and m the fae he would 
oe if he moved uniformly. Then the space between © and m, is the Equation of Time, and M m, the 
Mean Time from Noon. The Equation is here additive to Apparent Time, as is the case from January to 
March, and from July to August. 


Referring to Fig. 4again. While the Sun and Aries revolve, the Sun moves contrary to the diurnal 
rotation, or is always increasing his Right Ascension by nearly 1° a day. The complete revolution of YP 
constitutes a Sidereal Day, that of CQ an Apparent Solar Day, and that of m a Mean Solar Day. 


After 24 Sidereal hours, the Sun has still to deseribe about 1°, or one 360th of 24 Sidereal hours, or 4 
Sidereal minutes. Thus the Solar Day is longer than the Sidereal Day by about 4 minutes. The Mean 
Solar day being divided into 24 hours, the Sidereal Day is 23 hours, 56 minutes, 4 seconds of such a day. 


Since the Sun passes over 15° of the Circle in one Mean hour, he arrives at the Meridian of a place 15° 
West of M one hour after he has passed M, that is, at one o ’eloek of the time at any place, or all places 
of which NV Mis the Meridian. In like manner, he passes a Meridian 15° East of Mone hour before he 
arrives at M, that is, when the time at Mis 11 O’elock in the forenoon, or 23 hours after the noon of the 
day before. 


Thus the beginning of the day, and therefore the hour of the day at one place differs from that of another 
place by the differenee of Longitude of the places. The time at the Easternmost of the two being in 
advance of, that is, greater than the time at the other. Hence, when the Mean Time at two places at the 
same instant are known, their Difference of Longitude is determined, and also the relative positions of their 
Meridians. . 


The Civil Day is dated from Midmght, and the 12 hours are computed twice over. The Astronomica 
Day is dated from Noon, and runs through the 24 hours. Civil Time is converted into Astronomical Time 
by diminishing it by 12 hours. 
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DIAGRAM. 
Showing the method of finding the Stars in the Heavens from thetr Meridian Altitudes. 
Fixnp tue Meripian ALTITUDE OF THE STaR ALDEBARAN INTHE LatiTuDE or 45° Nort 
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TO CONSTUCT THE FIGURE. 

Wiih tle Chord of 60 describe a semi-circle. and draw the Horizontal and Prime Vertical lines at Right 
Angles to each other. Elevate the Polar Axis equal to the Latitude of 45° N., and draw the Equator at 
Right Angles to it. Lay off the Star’s Declination, 16° 13’, on the Meridian to the North of the Equator. 
wWhiel will be the place of the Star, and its Distance measured from the Horizon, is the Altitude required. 
Now. as the Elevation of the upper end of the Equator above the Horizon, is equal to the Co-Latitude of 
ie jlace, which is North, and the Declination of the Star being also North, their Sum is the Meridian 
Alt.tude of the Star, 61° 13’, South of the observer, because his Latitude is North. 


Rixnp THE MERIDIAN ALTITUDE OF THE STAR ANTARES IN THE LATITUDE oF 30° NorTu. 
Fic. 6. 


Drawn on the Plane of the Prime Vertical. 
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TO CONSTRUCT THE FIGURE. 

With the Chord of 60°, describe a semi-circle as before, which will represent the Prime Vertical Circle. 
Draw the Rational Horizon line, and at right angles to it from the centre, draw the Meridan line or Circle. 
The Spectator is now facing the South. The Prime Vertical Circle passes through the East point of the 
Horizon on the Left, and through the West point of the Horizon on the Right. 

The Elevation of the Celestial Equator above the Horizon being equal to the Co-Latitude, take 60° (the 
(o-Latitude) from the line of semi-tangents, and lay it off on the Meridian line. Then through this 
point, and the East and West points of the Horizon, draw the Celestial Equator. From the line of semi- 
tangents take the Star’s Declination, 26° 6’ South, (measured from 60° backwards,) and lay it off from the 
Equator towards the South point of the Horizon on the Meridian line, and draw the Parallel of Declination 
paralle! to the Equator. Then where it crosses the Meridian line is the Star’s place, and its Altitude above 
the Horizon is 33° 54° Scuth, measured on the line of semi-tangents; and where the Parallel of Declination 


cuts the Horizon shows the places of the Star’s rising and setting. 
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Finp THE MERIDIAN ALTITUDE OF Canopus, IN THE LaTITUDE oF 30° Sourn. 
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TO CONSTRUCT THE FIGURE. 


Having drawn this Figure as in Figure 5. elevate the Polar eee equal to the Latitude of 30° South, and 
draw the Equator at Right Angles to.it. From the Equator, lay off the Star’s Declination, 52° 27’, on the 
Meridian towards the South. which will be the place of the Star, a its distance from the nearest Horizon 
is its Meridian Altitude South. 

In this case, the elevation of the upper end of the Equator above the Horizon beiug equal to the Co-Lat- 
itude of 60° Senth, and the Declination of the Star 52° 27’ South. both of the same name, their Sum 112° 
27’ execeds 90°, must be subtracted from 180°, gives the Meridian Altitude of the Star 67° 33’, reckoned 
from the South pomt of the Horizon. 


Fixp tim Merinian ALTITUDE OF CASTOR IN THE Livebuse or 10° Nortm. 
Fie. 8. 


TO CONSTRUCT THE FIGURE. 


Elevate the Polar Axis equal to the Latitude of 10° North, and draw the Equator at. right angles to it. 
From the Equator lay off the Declination of the Star, 32° 18’. on the Meridian towards the North, which 
will be the Star’s place. Then its distance from the nearest Horizon is its Meridian Altitude. 

In this case. the Sum of the Co-Latitude 80° North, and the Star’s Declination 32° 18’ North, is 112° 18’, 
which exceeds 90°, must be subtracted from 180°. gives the Altitude 67° 42’ North. 

Thus having the computed Altitude of any Star on the Meridian, the Star itself is found by setting the 
index of the instrument to this Altitude and facing towards the South or the North, as the case may be, 
and the Star will be seen on the Horizon. 

On referring to Figure 4, the time at which the Stars pass the Meridian is easily computed by subtract- 
ing the Sun's R. Ascension from the Siar’s R. Ascension, (increasing the latter by 24 hours. if necessary 
will be the apparent time of its Meridian prssage. For example: Suppose a Star. whose R. A. is XIX h. 
in Fig. 4: the Sun’s R. A. same time is VI] h.: the difference 12h. or Midnight, is the time the Star 
passed the Meridian at N. 
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CORRECTIONS OF THE ALTITUDES OF THE HEAVENLY BODIES OBSERVED AT SEA. 


Dip of the Horizon is the Angle through which the Sea Horizon appears depressed, in consequence of the 
elevation of the spectator’ s eye above the Sea level. 

Suppose the observer’s eye to be at e (in the figure for Dip of the Horizon) and a perpendicular line 
drawn to his zenith. Then a line drawn at right angles to it will be the True Horizontal Line. But his 
eye being elevated above the Sea, his vision ‘extends over the curvature of the Earth’s surface, in the 
direction of the Visible Horizon, or the dividing line between the Sea and Sky. And as the Altitudes of all 
Heavenly Bodies are measured to this line, it is evident that the Altitudes so obtained are too great by the 
- amount of the angle of the Dip of the Horizon contained between the True and the Visible Horizons. The 
distance of the Sea Horizon from the observer is about 6 miles when the eye is elevated 30 feet above the 
Sea: and if it were possible to observe an Altitude with the eye at the surface of the Sea, as at S, there 
would be no correction required for Dip, because the True and the Visible Horizons are in the same line, 
and the Rational Horizon is considered to be also on the same line. 

The Dip of the Horizon at different elevations is given in Table V for that purpose, and is always sub- 
tractive from the observed Altitude. ~~ ~ ~~. 


Refraction. 


The rays of light proceeding from a Heavenly Body when not in the zenith, in traversing the 
Earth’s atmosphere, become bent or refracted more and more, on approaching the surface of the Earth, 
towards the perpendicular, which causes all the bodies to be seen above their true places in the Heavens : 
consequently the observed Altitudes are too great by the amount of the Refraction. The rays of light pro- 
ceeding from the Sun at L (in the figure. for Refraction), entering the atmosphere at A, becoming bent 
upwards as it proceeds, the spectator sees the object at U, and the difference between the True and the 
Apparent places of the Sun is the amount of Refraction.. The Refraction is 0 at the zenith, because the 
rays of light penetrate directly downwards, and are not bent out of their course. At the Horizon the 
Refraction is about 34’, because the rays of light enter the atmosphere obliquely, so that. all bodies, (except 
the Moon), when on the Horizon, are raised that much above their true place. In the figure the lower © 
appears in his true place below the Horizon, but the rays of light entering the atmosphere at m are bent 
upwards or refracted, and the © is seen above his true place in the Horizon. Refraction diminishes as 
the Altitudes inerease from the Horizon to the Zenith, and the correction for Refraction is given in Table 
[V tor that purpose, and is always subtractive from the observed Altitude. 


Parallax. 


As before observed, the Earth is considered as a mere point in the centre of the Sphere, as 
regards the Stars, which are situated ata great distance from it, but with respect to the Sun, Moon, and 
Planets. the Earth’s semi-diameter must be taken into consider ation in measuring the Altitudes of these 
bodies, especially the Moon, which is the nearest to the Earth. Parallax, therefore, is the depression of a 
Heavenly body, in consequence of its being seen from the surface instead of from the centre of the Earth ; 
and the nearer any Heavenly body is to the Earth, the greater is the Angle of Depression. 

The Moon, to an observer at the surface, would appear to be situated in the Heavens at A, (in the figure 
for Parallax), but to an observer at the centre, her place would be at T, her true place in the heavens; and 
the difference between the two places is called her Horizontal Parallax, and which is always greatest at 
the Horizon. Again, to an observer at the surface, the Moon would appear at a, but to an observer at the 
centre of the Earth she would be at t, her true place in the Heavens. ‘The difference between these two 
places is called her Parallax in Altitude. The Sun and Planets being at a greater distanee from the Earth 
have only a very small parallax. Sand P represent the Parallax of the ‘Sun and Planet. When a body 
is in the Horizon its Parallax is greatest. The Sun’s Parallax is only 9’, while the Moon’s Parallax is 
above 1° sometimes. But when a body is in the Zenith its Parallax is 0, “because it. is seen in the same 
line from the centre as from the surface, as at Z. The Sun’s Parallax in ‘Altitude 3 is given in Fable VI. 

The Moon’s Horizontal Parallax, which is in perpetual change, and the Parallax of the Planets, are 
given in the Nautical Almanac. 


C8 NAUTICAL ASTRONOMY. 
DIAGRAM, 


Showing the Manner of Measuring the Altitudes of the Heavenly Bodies at Sea, and the Corr Muae for 
Semi-diameter. 


Fig. 10. 
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This figure represents the different methods of observing the Altitudes of the Sun and Moon by bringing 
their upper or lower limbs in coritact with the Horizon. 

No. 1 is an Altitude of the Sun’s lower limb brought in contact with the Horizon. This is the usual 
method practised at Sea, being the most simple and correct mode of deing it. His semi-diameter added 
ives his observed Central Aliitude. 

No. 2 is an Altitude of the Sun’s upper limb bronght in contact with the Horizon. This is only resor‘ed 
to in the event of the lower limb being hidden by clouds. His semi-diameter subtracted gives his observed 
Central Altitude. 

Ne. 3 is an Altitude of the middle of the Sun brought down to the Horizon. This kind of observation 
is culy used when lis limbs are so ill-defined, in consequence of the sky being overcast, as in the case when 
| ¢ stines through a rain-cloud, that no observation can be made with them ; the body of the Sun, however, 
may be visible. By a little practice this method may be turned to a good account in finding the Latitude of 
the Sup, in the room of a better. At all events. it is more to be trusted to than the Latitude by Dead Reck- 
oning. [hn this case no semi-diameter is allowed, because the Central Altitude is observed. 

No. 4 is an Altitude of the Moon’s lower limb brought in contact with the horizon. In this ease the 
Mion’s semi-diameter added, gives her observed Central Altitude. 

No. 5 is an Altitude of the Moon’s upper limb brought in contact with the Horizon. This is necessary 
wnen her horns are turned downwards, and in this ease. her semi-diameter subtracted gives her observed 
Central Altitude. 

No. 6 18 an Altitude of a Star or Planet bisected on the Horizon. This gives its observed Central 
Altitude. 

Tne semi-diameter of the Sun is given in the Nautical Almanac throughout the year. His greatest 
scini-diameter is 16’ 18”, at the time the Earth is nearest to the Sun, in December; and his least is 15° 45”. 
sat the time the Earih is farthest from the Sun, in June. But in dealing with Altitudes, we generally allow 
16’ as !s mean semi-diameter throughout the year. ; ; 

The Moon’s semi-diameter is also given in the Nautical Almanac for the nearest noon and midnight at 
Greenwich, because it changes very rapidly, her greatest being about 16’ 48’’, and her least about 14’ 43”. 
so that it 1s necessary to take it from the Almanae when great accuracy is required. But in general the 
emean of the extremes, which is about 16’, is taken as the Moon’s semi-diameter. 

The Stars and Planets require no correction of the Altitade for semi-diameter. 


oO 
> 


INSTRUMENTS OF NAUTICAL ASTRONOMY. 


DESCRIPTION, ADJUSTMENTS, AND USE OF THE QUADRANT AND SEXTANT. 


These are instruments for measuring angles between two objects, by bringing the reflected image of one 
of them in contact with that of the other seen direct. They are also necessary for observing Altitudes 
of ae Pa bodies at Sea, where the spectator has no fixed point of reference except the horizon. 
(Sec Fig. 10. 

On Shore this fixed point is obtained by means of the Artificial horizon, when the Sea horizon is 
obstructed by the land. 

The Quadrant contains an Are of more than 45°, or the eighth part of a Circle ; but on account of the 
double reflection it measures a few degrees more than 90°. The Arch, or Limb, is divided into degrees, and 
numbered from Right to Left. These are subdivided into 3 parts of 20 minutes each, which are again 
subdivided into single minutes, by means of a seale at the end of the Index. The Index is a flat brass bar 
that turns on the centre of theinstrument. When moved forward in measuring Altitudes the screw behind 
clamps it to the limb, and the tangent screw is then used to make the contact. 

The Nonius is a scale fixed to the lower part of the Index bar, and is sometimes called a Vernier. This 
is a portion of an Are having the same centre, and divided into one part more than an equal portion of 
the Are itself, and is used for making more minute divisions on the Arch, which may be best explained by 
the following 


EXAMPLE, 


Suppose a division on the Arch to be one-third of 1°, or 20’, and the Vernier to be equal in length to 19 divisions, 
or 880’, and divided into 20 equal parts, then each of the divisions on the Vernier is one-twentieth of 880’, that is 
19’, and therefore the difference between one division on the Arch, or 20’, and one on the Vernier, is 1’. 


Now, suppose the beginning of the Vernier at 0 to coincide with the beginning of the Arch at 0, then 
ihe first of the dividing lines of the Vernier falls short of the first dividing line of the Arch by 1... There- 
fore, if these lines are made to coincide, the Vernier must be advanced 1’, and to make the next dividing 
line, or 2’ on the Vernier, coincide it must be advanced again, and so on until the division of 20’ on the 
Arch is all gone through. Hence, for an angle on the Arch, the number of divisions counted on the Vernier 
hefore the coincidence is arrived at, is the number of minutes to be added to the division of the Arch next 
behind the 0 on the Vernier. For an angle off the Arch, it must be read from the opposite end of the 
Vernier. 


TO READ OFF AN ALTITUDE. 


Look at the 0, or beginning of the Vernier, and ascertain how many degrees and divisions it has passed 
on the Arch, counting the first division 20’, the second 40’, and then look along the divisions, or lines, on 
the Vernier until one of them is found to coincide with a division, or line, on the Arch, which being counted 
from the 0, or beginning of the Vernier, towards the left, is the number of minutes to be added to that 
division on the Arch which is the nearest to the right of the 0 on the Vernier, and which will be the Altitude 
required. 

ai some Quadrants the Vernier is divided into 40 equal parts, and the Angles can then be read off to 
half minutes, or 30”, , 
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TO ADJUST A QUADRANT. 


To Set the Index Glass Perpendicular to the Plane of the Instrument. 


Move the Index to about 45° on the Arch, and holding the instrument in a horozontal position, face 
upwards, look obliquely into the Index Glass, and ascertain if the true and reflected images of the Arch 
are in the same straight line ; if so, the Glass is adjust. Butif the reflection seems to droop from the 
Arch itself, the Glass leans back ; if it rise wpwards, the Glass leans forward. The position is rectified 
by the screws on the back. 


To Set the Horizon Glass Parallel to the Index Glass. 


Set the 0 onthe Vernier at 0 on the Arch, and clamp the Index; hold the instrument vertically, and 
look through the sight-vane at the horizon, or any other well-defined and distant object. Then, if the 
reflected and the true horizons appear in the same straight line, the Glass is adjust. But if the horizons 
do not coincide, use the lever on the under side of the instrument until they are made to doso. This 
adjustment ought to be tried before and after every observation. P 


To Set the Horizon Glass Perpendicular to the Plane of the Instrument. 


Having previously made the above adjustment, incline the instrument on one side as much as possible. 
Then, if the horizon seen through the sight-vane continues to form one unbroken line, the Glass is adjust. 
But if the reflected horizon appears to separate from that seen direct, then the Glass wants rectifying. If 
the face of the instrument is upwards, and the reflected Sea appears higher than the real Sea, you must 
slacken the screw before the Horizon Glass and tighten that behind it. But if the reflected Sea appears 
lower, the opposite screws must be used. Care must be taken in this adjustment to loosen one serew before 
the other is screwed up, and to leave the adjusting serews tight. Some instruments have their adjusting 
screws differently constructed, but a little practice will soon enable a person to adjust them. 

The graduation of the Arch should commence at a certain point. When this is not the case, the Index 
Error, as it is called, must be measured. 

The point at which the graduation of the Arch is supposed to begin, is that at which the Index stands 
when the mirrors, or glasses, are parallel, as is the ease when the image of a distant object is seen to coin- 


cide with the object itself. The Index Error, therefore, is merely the error of the place of the beginning 
of the divisions, and affects all angles alike. 


TO FIND THE INDEX ERROR 


By the Horizon. 


Hold the instrument vertically, and make the image of the horizon eoincide with the horizon itself, as 

accurately as possible. aC 
Then, if the 0 on the Vernier stands at the © on the Arch, there is no Index Error. Suppose it stood 

at 2' on the Arch, that is, to the Left of the © onthe Arch, then the Index Error is that much subtractive ; 


but if it stands at 2’ off the Arch, that is, to the Right of the ® on the Arch, then it is that much additive 
to all angles taken by the instrument. 


By the Sun. 


If the instrument has no Shade for the Horizon Glass, take the opportunity when the Sun is veiled over 
by thin clouds, and use them as a substitute for Shades. Hold the instrument vertically, and look through 
the sight-vane directly at the Sun, and make the reflected sun cover the one seen direct. Then if the 0 
on the Vernier stands at 0 on the Arch, there is no Index Error. Otherwise itis found as before explained. 

For the purposes of adjusting an instrument, objects should be used which are at least 1 mile distant - 


because at a nearer object the distance between the glasses produce a sensible parallax, and the coincidence 
does not take place. 
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MANNER OF MEASURING ALTITUDES WITH THE QUADRANT. 


To Observe the Sun’s Altitude at Sea. 


Set the Index at 0, and put down a screen or shade before the Index Glass. Hold the instrument ina 
vertical position, and direct the sight through the sight-vane and Horizon-Glass to that part of the horizon 
which is directly under the Sun. Now move the Index onwards with the left hand, and the image of the 
Sun will appear to descend towards the horizon. Give the instrument a slow motion from side to side, 
round the line of sight, and the Sun will appear to sweep the horizon, and it must be made just to touch it at 
the lowest part of the arch. This gives the Observed Altitude of his lower limb. It is best to commence 
the observation some time before the Meridian Altitude is expected, and to continue observing until his 
greatest Altitude is obtained, unless the watch has been previously regulated and the apparent time at the 
ship known. 

This last Altitude is sometimes near enough, but for accuracy, having made a rough contact as above, 
put in the telescope, previously set to distinct vision by looking through it at the horizon, and the tube may 
be marked at the proper focus of the observer’s eye. The image being now magnified, the contact is made 
more correctly. Clamp the Index, and make the contact perfect by turning the Tangent Serew. This is 
the method generally used in taking Altitudes for time. 

The Tangent Screw should be kept nearly middled when not in use, and the contact should be made in 
the centre of the field of view of the telescope. 


To Observe the Altitude of a Star. 


Turn up the sight-vane or unship the telescope. Set the Index at 0, and direct the sight to the star, and 
look with both eyes, as close to the sight-vane or color of the telescope as possible, and move the Index 
onwards, when the reflected star will be seen to descend, and which must be followed by the eye until it 
finally reaches the horizon. Now give the instrument a slow motion from side to side, round the line of 
sight, and the Star will appear to sweep the horizon. which it must be made to touch at the lowest part of 
the arch. 

To find any particular star on the Meridian, the readiest way is to compute the Meridian Altitude, (See 
pages 64 and 106) and set the Index to it. Then with both eyes, as before observed. look towards that part 
of the horizon indicated, and the proper star will be seen on or near it. Continue to observe it, until it 
attains its greatest Altitude. By this means it is impossible to mistake the star, because no other can be 
on the Meridian at that time. 


The Altitude of Planets 


May be observed in the day time, even when the Sun is considerably above the horizon, for though they 
aré invisible to the naked eye, they may readily be found by computing their Meridian Altitude, (see page 
104), and set the Index to it. Screw in the telescope, and direct the sight to the true North or South points 
of the horizon at the time it passes the Meridian, and the Planet will be plainly seen on or near it. 


To Observe an Altitude of the Moon. 


The same directions may be followed as given for the stars, to bring her down to the horizon, and the 
telescope afterwards used in making the contact. But sometimes, when she is faintly seen, it is better to 
use both eyes without the telescope. Her upper limb must be observed when her horns are downwards, 
and care must be taken, in making the sweep for the horizon, that her limb just touches it at the lowest 
part of the arch. 

The best time for making observations of the Moon and Stars is at twilight, for then the horizon is dis- 
tinctly visible ; but in cloudy weather at night long dark shadows are sometimes projected on the sea, 
which, in the case of the Moon, renders it difficult to ascertain the real horizon under her. 
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THE SEXTANT. 


The Sextant is constructed upon the same principle as the Quadrant, and contains an Are of more than 
60° of a circle, but on account of the Double Reflection, it measures Angular Distances of more than 120°. 
The Arch or limb is divided into degrees, and the degrees into 6 equal parts of 10’ each. ‘The Vernier is gen- 
erally cut to 10’, for the purpose of minute readings, which is thus explained: Suppose a division on the 
Arch to be + of 1° or 10’, and the Vernier to be equal in length to 590 of such divisions, or 9° 50’, but 
divided into 600 equal parts. Then each of the divisions on the Vernier is gi, part less than the 590 
divisions on the Arch. Therefore the difference between one division on the Arch and one on the Vernier 
is 10’. As the Vernier contains 600”, it is divided into 10 equal parts or minutes, and the minute into 
6 equal parts of 10” each. 

Now suppose the f or beginning of the Vernier, and the 0 or beginning of the Arch to coincide: then 
the first of the dividing lines of the Vernier fall short of the first dividing line of the Areh by 10”. 
If we make these lines coincide, we advance the Index and Vernier 10”. Again, to make the second divid- 
ing line of each to coincide, we must move the Vernier to 20”, and so on to 30’, 40”, 50”, and then to 1’. 
Therefore to make 1’ on the Vernier coincide with 1’ on the Arch, we must advance the Index or Vernier 1’. 
Hence for an angle on the Arch the number of divisions counted on the Vernier before we arrive at a 
coincidence is 10”, 20’’, &c., to be added to the division of the Arch next behind the ? or to the right of the 
beginning of the Vernier.. For an angle off the Arch we must read from the opposite end of the Vernier 
and from left to right. 

The scale on which these divisions are marked is generally made of silver, and in consequence of their 
minuteness a magnifying glass must be used in reading them off, which is fixed to the Index bar for that 
purpose. 

The Adjustment of the Sextant is done in exactly the sanie manner as that described of the Quadrant. 
The only addition is the following: 


To set the Line of Sight of the Telescupe parallel to the Plane of the Instrument. 


This is a very important matter, because when the Inverting Telescope is used, as in the case of measur. 
ing the Lunar Distance, any defect in this adjustment causes a considerable error in the measurement of the 
angle, and always makes it too great. 

Place the two wires of the Inverting Telescope parallel to the plane of the instrument. Select two dis- 
tant objects about 120° apart from each other, such as two stars, or the Sun and Moon, and make an exact 
contact at the lower wire, or that nearest the instrument. Now move the instrument so as to throw the 
image in contact upon the upper wire. If the contact is still perfect, (the images continuing the same in the 
middle of the field), the adjustment is perfect ; but if they have separated, the object end of the telescope 
droops towards the plane of the instrument; if they overlap, it rises from the plane of the instrument. 
The position of the telescope is rectified by the screws in the collar. 

The adjusting serews are never to be touched, except from necessity, and then with the greatest possible 
caution. 

When two screws work against each other, care must be taken in tightening one to loosen the other 
if necessary. 

The sides of the colored glasses are sometimes not exactly parallel, and the shades may cause an error in 


the pe It is, therefore, prudent to find the error of each shade or combination of shades from actual 
trial. 
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TO FIND THE INDEX ERROR BY MEASURING THE SUN’S DIAMETER. 


The Index Error of an instrument being merely the error of the place of the Beginning of the divisions. 
when all the Mirrors or Glasses are perfectly adjusted, and it affects all angles alike. 


To Measure the Sun's Diameter. 


Screw in the Inverting Telescope and adjust it to direct vision ; turn up the proper Shades, place the / 
en the Vernier. about 40’ to the Right of 0, on the Arch, and clamp the Index. Then. holding the instru- 
ent horizontally, bring the direct and reflected Suns in exact contact by the use of the tangent screw. and 
rad off the minutes and seconds, counting from the opposite or Left end of the Vernier, which eall off the 
Arch. 

Next place the f of the Vernier about 40’ to the Left of 0. on the Arch. and make the contact of the 
two Sun’s as before, and read off the minutes and seconds in the usual way, which eall on the Areh, and 
set it under the first reading: then half the difference of the two readings will be the [Index Error. which 
is additive to all angles taken with the Sextant, when the Reading to the Right of 0 is greater than the 
Reading to the Left of 0, but subtractive when the reading to the Left is the greatest. If the two readings 
are equal there is no Index Error to the instrument. The direct and reflected Suns will appear through 
the {nverting Telescope thus : 


When the Vernier ts to the Right of 0 on the Arch. | When the Vernier is to the Left of 0 on the Arch. 


Reflected Sun. Direct Sunn. Direct Sun. Reflected Sun. 


igh fits 


Suppose the following Observations were taken to determine the Index Error : 


EXAMPLE 1. EXAMPLE 2. 
Ist Jan, 1854. Reading........ off 31’ 55" | 31st Jan, 1854. Reading,........ off 33’ 40” 
QO en oe ties on 83 15 GOMn es os Waiite!, on 31 20 
)1 20 . “2 20 
Thdext Farrar fo ae 0’ 40 Sub. | Index Errofepeme hs. ..... 1 10k ad: 
Beeause the reading on the Arch is greater than the Because the reading of the Arch is greater than the 
reading off. - | reading on. 


When both Readings are on the Arch, (which can only happen when the Index Error exeeeds half a 
degree,) the Index Error is the Mean of the two, and subtractive, but when both Readings are off the Arch, 
-the Index Error is the mean of the two additive. . F 

To prove that the contacts were made correctly, add the Readings together and divide their Sum by 4, 
and the quotient should be equal to the Sun’s semi-diameter as given in the Nautical Almanac for the 
above days of the month. 


In Example 1, the Sum of the Readings is 65’ 10’ In Example 2, the Sum of the Readings is 65’ 00" 


Which divided by 4 gives the Semi...... 16’ 17''5. Which divided by 4 gives the Semi... ., 16’ 15” 


These agree nearly with that given in the Almanac, namely, 16’ 18’ on the 1st, and 16’ 15’’.7 on the 
3ist. It onay. therefore, be presumed that the contacts were correctly made. . 

In this mauner the error of each colored glass. or Shade. may be found by first? measuring the Sun’s 
diameter at the time when there is a thin veil of clouds over his dise, (which will answer the purpose of 
Shades.) and ascertain the Index Error as in the above Examples (without using any Shade.) Then to 
measure if again. using, say, theGreen Shades. If these two measured ‘diameters agree, the Green Shades 
are correct. If iley do not, then their difference is the error of the Green Shades, which must be applied to 
the Index Error, when they are used. Jn like manner, the Red Shades, or any combination of Red and 
Green, may be proved by using them in measuring the diameter, and afterwards comparing them with that 
which was measured without the Shades. 
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USE OF THE SEXTANT. 


To Observe the Angular Distance between the Sun and Moon. 


When the Distance between them is considerable, find their approximate distance in the Nautical 
Almanac, corresponding to the Greenwich Time of the observation, (by simply turning the Ship’s Longitude 
into Time, by Table XXVI., and adding it to the Time at the Ship in West, or subtracting it in Kast Lon- 
gitude.) Now set this approximate distance on the Sextant, turn up one or more of the Shades before the 
Index Glass, according to the brightness of the Sun. Screw in the Plane Tube into its collar. Then, hold- 
ing the Sextant (with its face upward when the Sun is to the Right handof the Moon, or downward when 
the Sun is to the Left,) with its Plane in the line of Sight of the two objects, and direct the Sight to the 
Moon. and the Sun’s image will be seen near to it. Make the contact roughly. Take out the Tube and 
rerew in the Inverting Telescope, and adjust it to distinct vision, placing the wires parallel to the Plane of 
the instrument. Raise the Telescope (by the serew behind) to the transparent part of the Horizon Glass. 
Then, direeting the Sight through the Telescope to the Moon, holding the instrument as before directed, 
make the contact perfect by means of the tangent screw, at the same time moving the Sextant round the 
ax.s of the Telescope, by which means the Sun will appear to pass slowly by the Moon, and the contaet be 
more accurately made. Observing always that the point of contact of the limbs should be as near the 
centre of the field of the Telescope (that is, in the middle between the four wires) as possible. 


Reading off the Angle. 


Ascertain the nearest degree on the Arch to the Right of the f , or the beginning of the Vernier, then 
ihe nearest division of the degree on the Arch. Then look along the Vernier, and ascertain which line 
coincides with the line on the Arch, then the minutes to the Right of where the coincidence takes place 
nust be added to the division of the degree, and the seconds are counted to the Left of the nearest minute 
on the Vernier up to the place of coincidence. 


EXAMPLE, 
Of finding the Approximate Central Distance between the Sun and Moon. 


February 7th, 1854. At 8 hours 20 minutes A. M., Sea Time, in Longitude of 70° 0’ West. Required the Ap- 
proximate Central Distance of the Sun and Moon, 


Time of Observation...... 8h. 20m. A.M. The Distance iu N. A. at Noonis....... evs 117° 477-61 Went. 
A Fs pieie's 12h. And at ELT ait Ss karen 119° 8 28 
From the preceding Noon 20h 20m. The Moon’s Motion in 8h. is................ iat Increasing. 
Long. 70° in Time........ 4h. 40m. G. T. being 1h. from Noon, or equal to $of it ... 26’ 52” 
25h. OOm. Which added to the Distance at Noon...... LVI 45684 


Subtract. ... 24h. 


Gives the required Distance at 8h. 20m. A.M.118° 14’ 43” 
Greenwich Time, Feb. 7th lh. 00m. 


Now put this on the Arch of the Sextant as follows: Advance the Index until the 7 on the Vernier has 
passed the stroke of 118°, and also the first division, or 10’, of the adjoining degree on the Arch. Then 
look along the Vernier, and make the 5’ on it coincide with one of thedivisions on the Arch. The instru- 
ment will then have on it 118° 15’, or even 118° is near enough for the purpose of bringing the objects 
into the field of view. Accuracy is not, therefore, required when the Sun is used. After bringing the 
nearest limbs ‘n contact, serew in the Telescope. and proceed as directed. In this case, the Sun being to 
the Right of the Moon, (in North Latitude.) the instrument is held with its face upwards, in the line of 
eee and the Telescope directed to the Moon, when the Sun will appear inverted, or on the Left of the 
Moon. 


In South Latitude, by direct view, the Sun will be on ihe Left of the Moon, and the Sextant must be 
held face downwards, and the Sight directed to the Moon. 


TO OBSERVE THE DISTANCE BETWEEN THE MOON AND A STAR. Td 


* 


TO OBSERVE THE DISTANCE BETWEEN THE MOON AND A STAR, 


Tarn the Ship’s Longitude into time by Table XXVI, and add it co the time at the Ship in West Longi- 
tude, or subtract it in East, will give the approximate time at Greenwich. Look into the Nautical Almanae 
amongst the Lunar Distances, against the day of the month, and find the given Star’s distance from the 
Moon corresponding to this Greenwich time. Put this distance on the Arch of the Sextant. Turn up one 
of the green shades before the Index-glass ; then holding the plane of the instrument in the line of sight 
between the Moon and Star, with its face upwards when the Moon is to the Right of the Star, or downwards 
when the Moon is to the Left of the Star. Direct the sight through the ring of the collar towards the Star, 
(without using the Telescope), and the Moon’s image will be seen near the Star. Move the Index so as to. 
bisect the Star on the bright limb of the Moon Now screw in the Inverting Telescope, and adjust it to 
distinct vision, and make the contact perfect by means of the tangent screw, at the same time moving the 
Arch of the Sextant slowly up and down, by which motion the bright limb of the Moon will appear to 
pass the Star, and the contact be more accurately made, and which should always be done as nearly as 
possible in the centre of the field of the telescope. ‘The angle being read off will give the observed dis- 
tance between the Star and the Moon’s bright limb. 

In the Nautical Almanac, headed Lunar Distance, the Sun, Stars, and Planets are marked according as 
they are East or West of the Moon. By attending to this and having the approximate distance on the 
Arch of the Sextant corresponding to the Greenwich time, any Lunar Star may be easily found by a person 
otherwise unacquainted with the stars in the heavens, because no other one in that direction will correspond 
to it in distance. 


EXAMPLE 
Of Finding a Lunar Star. 


January 31st, 1854, at 10h. 25m. P. M, Sea Time, in Longitude 60° 0’ W. Required the approximate distance 
between the Moon and the Star Aldebaran. 


Time of Observation, ...10h 25m Distance of Aldebaran at Midnight 85° 38’ 38” East of the Moon. 


Long. 60° W. in time.... 4 Do. do. XVh.... 83 53 59 
Greenwich time Jan. 30th 14h 25m Moon’s motion in 3 hours......... 1° 44’ 39" — Pro, Log.. .2362 
12.) ey G. Time past Midnight. .... . eee ~ 9h25m_ Pro. Log.. .0939 
Past Midnight........... 2h 25m Pro, of Dist. to be subtracted...... 1° 24710" Pro. Log.. .8301 
From the Dist. at Midnight....... 85 88 28 
Which gives the Star’s Distance from the Moon.......e..ee. see eeees 84° 14’ 18’ at 10h 25m P. M. 


It is necessary to be as exact as possible in finding the approximate distance between the Moon and a 
Star, for very often it is the only security we have for employing the right star. Now put 84° 14’ on the 
Arch, as follows: Advance the Index until the f on the Vernier has passed the Stroke for 84°. and also 
that of the first division or 10’ of the adjoining degree. Then look along the Vernier and make 4’ on it 
coincide with some line on the Arch, which will be the required distance. The Star being East or to the 
left of the Moon (in North Latitude), the Sextant must be held with its face upwards in the proper line of 
sight, and the sight directed through the collar in the direction of the Star. Then if it be the right Star 
it will appear on the face of the Moon. Bring it in contact with her bright limb, screw in the Inverting 
Telescope, and the contact is then made perfect by the tangent screw as before directed. 

In South Latitude the same Star will be to the right of the Moon, and the Sextant must be held face 
downwards, and as a general rule the sight must be directed to the dimmest object, and the brightest one 


brought to it. 
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REMARKS ON MEASURING THE LUNAR DISTANCE. 


. 
Of the Inverting Telescope. 


On account of all the objects seen through this Telescope being inverted, and the difficulty of keeping 
them in the field of view in consequence of the motion of the Ship at Sea, which is extremely puzzling 
for a learner, because when the instrument is not held steady they always appear to go out of view on the 
wrong side. This however can only be remedied by practice and by shifting the instrument in the opposite 
direction to what he would do if they were seen direct. We are obliged to submit to this annoyance, 
because of the superior power derived from the Inverting, to what could be obtained trom a Direct Telescope, 
of the same length. Besides, the cross parallel wires, which are so useful in the Inverting Telescope, could 
not be used in a common one. 


Of the Common Telescope. 

Those who find a difficulty in observing with the Inverting Telescope may find a good substitute in the 
Common one. For although its power is not so great, if the contact is made as near as possible in the 
centre of the field, by a little practice a very fair result may be obtained, if distances are observed East an 
West of the Moon, and the mean of the Longitudes taken. 


The Proper Place of the Ship for taking the Observation, 


Is as near as possible to the midships of the vessel, because there her motion is the least felt, and when 
she rolls heavy going before the wind, if the yards were braced forward a little it would help to keep her 
steady until the observation is completed. 

The observer should place himself firmly in a corner, and sit or lie down on the deck, whichever is most 
convenient, so that the least bodily effort may be required to steady himself. The following method I have 
found of creat utility, which does not require the tangent screw to be touched at all, when the contact 
takes place, consequently both hands can be used to hold and steady the instrument, and the whole atten- 
tion is directed to the time of the contact. It also does away with what is called the springing of the 
Index Bar, (after the contact is made with the tangent screw), which is the case even in the best instru- 
ments : 


NEW METHOD OF MEASURING THE LUNAR DISTANCE, 


When the Distance is Increasing (which may be known by inspecting the N. A.), and the Near Limbs to be 
Observed, 


Set the Index of the Sextant so that the objects may overlap each other a little, and watch for the instant 
when the Moon, by her motion in the heavens, brings the limbs in contact. Note the time and read off the 
angle. Advance the Index 1’, and then watch as before for the contact. Now, as the Moon advances to 
the Eastward in the heavens at the rate of about 1’ in two minutes of time, this will give time to read off 
the angles and to note down the observation. Then having advanced the Index another 1’ » proceed as 
before, until the required number of distances are observed. 


Distance Increasing, and the Far Limb of the Moon to be Observed. 


By advancing the Index 1’, the Star will appear separated from the Moon’s Limb. The contact is then 
‘watched for, and the ébesryanen made in the same manner as the above. 


Distance Decreasing, and the Near Limbs to be Observed. 


Set the Index so that the limbs may appear a little separated, and watch for the contact taking place. 
‘Note the time and read off. Then set back the Index 1’, and watch the contact as before. Note the time 
‘and read off, and so on. 


Distance Decreasing, and the Far Limb to be Observed. 


By setting back the Index 1’, the Star will appear to overlap the Moon’s Limb. Watch for the contact 
‘as before, and in the same manner as the last. By this means the Moon is made to measure her own dis- 
tance, and all that is required to be done is to note the time of the contact. - 
For further remarks on measuring the Lunar Distanve, see page 163 
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THE ARTIFICIAL HORIZON. 


When an observer has not the advantage of a Sea Horizon for the purpose of measuring Altitudes of the 
lreavenly bodies, or when, for instance, the Ship is in port and the Sea Horizon obstructed by the land 
around, he is obliged to use an Artificial one, and which is used for finding the Latitude of the place, and 
also for rating the Chronometer, &c. (See Fig. 11, page 78.) . 

An Artificial Horizon is variously constructed, but the general principle, is to produce a perfectly level 
surface. The most simple is that of a pool of water on a calm day, ora basin containing water. But the 
most common in use is a trough filled with quicksilver, and protected from the wind by a roof, in which are 
fixed two glasses, ground perfectly plane and parallel. 

Another kind has a plate of glass in the trough, which, when the quicksilver is poured in, floats on the 
surface, and a roof is not required. But these kind of instruments are troublesome, in having to pour in 
and out the quicksilver every time they are used. Besides, there is a scum or film gathers on the surface 
of the fluid. This, however, may be prevented from running into the trough, by holding the bottle bottom 
up, while it is poured out. 

Tar, Treacle, and Oil have been tried for this purpose, but they do not give satisfaction ; especially when 
exposed to the strong heat of the Sun, because the fluidity varies from unequal expansion. 

The best and cleanest kind of Horizon is a brass circular box, of about 5 inches in diameter, supported on 
three screw legs, having a thick plate of glass glazed into its rim. The under surface of this glass is unpol- 
ished, and a space left between it and the botiom, this space being nearly filled with spirits of wine, leaving 
a small portion vacant, so as to produce an air bubble, and which bubble, by the use of the screws, is 
brought under the centre of the glass. This centre must be ascertained from actual trial, and marked, so 
that the bubble can always be placed under it. The strong heat of the Sun will cause the spirits to expand, 
but a screw plug is fixed at the side, which can be taken out, and a small bell-shaped funnel put in its 
place to receive the surplus spirits caused by expansion. This instrument, together with a pocket Sextant, 
will form a portable Observatory, valuable to those who may have occasion to travel much inland. 

When one of these instruments is used, it must be placed on firm ground, and the observer, facing 
towards the Sun, walks backwards until he sees the direct image of the Sun reflected on the surface of the 
Artificial Horizon. Then, turning down the Shades over both the Index and Horizon Glasses of the 
Sextant, he directs his sight through the Collar of the Telescope at the reflected image in the Artificial 
Horizon, at the same time advancing the Index Bar, when the reflected image from the Sextant will appear 
to descend. He now brings the lower limb of this Sun in contact with the upper limb of the direct 
Sun already seen. The Telescope is then screwed in and the observation made. It is thus necessary 
to bring the limbs in contact, before using the Inverting Telescope, as a security against using the 
wrong limbs. 

The Image of a heavenly body reflected from the surface of a fluid at rest, appears as much below the 
true horizonal line as the object itself appears above it. The Angular Distance, measured between 
the object and its image, is, therefore, Double the Altitude. And in halving the Angle shown by the 
instrument, we halve at the same time all the errors of the observation. 
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DESCRIPTION AND USE OF THE ARTIFICIAL HORIZON. 
« 
The following Diagram will illustrate the Methol of Observing Altitudes with an Artificial Horizon. 


Fie. 11 


(zontal line» 


In taking Altitudes for Time, the Sun will appear to rise or: fall with double the velocity he would other- 
wise do, when observed with the natural horizon. 

When the Sun is rising, the observer is obliged to approach nearer to the Artificial Horizon. according 
as the Altitude increases. On the other hand, when the Sun is falling, he is obliged to increase his distance 
from it, according as the Altitude decreases. And when the Sun’s Altitude is at 12° , or 14°, 1t becomes 
difficult to een sight of the images reflected in the Horizon, and with Altitudes below this, it is generally » 
impractic ole, on account of the slanting direction of the Sun’ S rays. 

An Aliitude of the Sun, or other heavenly body, may be obtained by this instrument, to. the extent of 
60°; that is, to 120° by reflection, this being generally the limits of the Seale on the Areh of the Sextant. 
in’ Low Latitudes, therefore, it is often impossible to observe with the Artificial Horizon any heavenly body 
whose Altitude exceeds 60°, unless we use a Sextant of superior power. 

The Latitude may, however, be obtained near the Equator, by choosing a Star of the first magnitude, 
which has great North or South Declination, and whose Meridian Altitude is less than 60°. In computing 
the Meridian Altitude of a Star, for the purpose of observing with the Artificial Horizon, we have only to 
double the computed Altitude found by the Rule at page 66, and place it on the Arch of the Sextant. Face 
towards the Star. and waik backwards until the Star’s image appears reflected in the Horizon. Then dircet 
‘he sight through the Collar of the Telescope of the Sextant at the Horizon. and, holding the instrument 
vertically, the two Stars will be seen in contact with or near to each other, (at the time of its Meridian 
passage.) They are now brought in contact, and kept so until the greatest Altitude is obtained. This 
eives security that the right Star has been observed. 

In observations taken with this instrument, it must be remembered that no Dip is to be ailowed for. as 

_ the case of using the Sea Horizon. (See pages 92, 131, and 159, for Observations with this Instrument.) 
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THE CHRONOMETER. 


4 


The Chronometer is a superior kind of Watch, constructed so as to keep as near as possible a Uniform or 
Mean Time. It is set generally to the Mean Time at Greenwich, and its Daily Rate ascertained, that is, what 
it is gaining or losing on this Uniform or Mean Time. This instrument is of great value to the Navigator, 
principally in determining the Longitude at Sea, and other useful purposes in Navigation, because if the 
Mean Time at Greenwich (where the Longitude is reckoned from) be known from consulting the Chronom- 
eter, and the Mean Time at the Ship be known from observation at the same instant of time, this difference 
of time turned into degrees and minutes at the rate of 15° to the hour of Time, is the Longitude of the 
Ship. 

The following remarks will be found useful in managing this instrument: 

When a Chronometer is received on board, it should be screwed down in a safe and proper place. at a 
distance from all iron substances, and where it is not likely to receive any sudden shock or jerk, and there 
it must remain during the voyage, and wound up regularly every morning before breakfast. 

In winding, the key should be turned steadily, and about half a turn taken each time, and it should be 
wound close up. After winding, it should be examined, and if close up, the Index Hand on the face of it 
will stand at 0. Ascertain, also, that it has not stopped after being wound up. 

When a Chronometer is wound up after running down, it is set agoing by giving it a small horizontal 
vireular motion. 

When a Chronometer stops it generally alters its Rate. 

The hands of a Chronometer must not on any account be touched, either before or after it is set agoing. 
The proper way to set it to Greenwich Time is as follows: Look at what hour, minute and second the 
hands of the Chronometer has stopped at, and note it down. Turn the Ship’s Longitude into Time. and 
subtract. it from that Time if the Longitude is West, or add it to that Time if the Longitude be East, and 
the result is the computed Mean Time at the Ship. Now have your Watch previously regulated to the 
exact Mean Time at the Ship found by observation, and when the hands of the Watch arrive exactly at this 
computed Mean Time at the Ship, set the Chronometer instantly agoing. If the Longitude of the Ship be 
correct, then the Chronometer will show the same Greenwich Mean Time as before it stopped 

For example: Suppose the Chronometer to have stopped at 10h. 201m. 10sec. Ship’s Longitude by 
account being 65° W., or 4h. 20 m., subtracted from 10h. 20m. 10sec., leaves 6h. Om. 10sec. Now, 
having had the Watch regulated in the afternoon to the mean time at Ship, I wait until the hands of the 
Watch show 6h. 0m. 10sec., and then set the Chronometer instantly agoing. 

Again: Suppose the Chronometer to have stopped at 5h. 40m. 20sec. The Ship’s Longitude 
by account being 110° 20’ East, or 7h. 21m. 20 see. This added to 5h. 40 m. 20see.. produces 13h. 1m 
40 sec., or 1h. 1m. 40sec. past Noon tor the computed Mean Time at the Ship. Now, having had the 
Watch previously regulated in the morning to Mean Time at the Ship, I wait until the hands of the Watch 
come to 1h. 1m. 40sec. and then set the Chronometer instantly agoing. 

In taking the time from the face of the Chronometer, the Second Hand 1s first noted, then the Minute 
Hand, and lastly the Hour Hand. 

Any common Watch which has a Second Hand will do for taking the time when making observations, 
but it must be compared with the Chronometer, both before and after the Observations are made, and iis 
Rate. if any, allowed for. 


EXAMPLE. 
Suppose the Chronometer showed........ 11h, 20m. 10see. Again the Chronometer showed. ..11h. 30m. 15ses 
And at the same time the Watch showed.. § 10 0 Watelr showed .'....0.2 30O0U SRN 8 20 & 
The Difference is called the Comparison... 8h. 10m. 10sec. Comparison...... ovecee.cedeees OD. 10m: 10see. 


In this case the comparison must be added to the Mean of the Times shown by the Watch when the 
Altitudes were observed, which will give the time by Chronometer when the Altitudes were observed, just 
the same as if the time of each Altitude had been noted from the face of the Chronometer. In comparing 
the Watch with the Chronometer, the best method is to wait until the Second Hand of the Watch comes to 
60 seconds, which completes the minute, and at that iflstant note the number of seconds which the Hand 
ef the Chronometer shows. and then the minute and the hour. 

It will also save some trouble if the Altitudes are taken at the instant the Second Hand of the watch 
has completed the full minute. This serves as a check on the measured change of the Sun’s Altitude in 
one minute of time, and which is uniform. (See the Table on page 100.) 
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REMARKS ON THE CHRONOMETER. 


Chronometers, when sent on board of Ships, are provided with a Certificate of their Error; that is, 
what they are fast or slow of Greenwich Mean Time on a certain day of the month, and also their Daily 
Rate, that is, what they are gaining or losing on Mean Uniform Time. Consequently, the Greenwich 
Time can easily be computed for any subsequent period of time, by multiplying the Daily Rate by the 
number of days elapsed, and applying it to the original Error. And if Chronometers always kept a uniform 
steady Rate they would answer every purpose required of them. But unfortunately, they do not always 
keep a steady Rate, at least not the Rate given in the Certificate, or the Shore Rate, as we call it. For it is 
found by experience that after Chronometers have been placed on board Ships their Rates change. caused, 
no doubt, by the magnetic action of the iron on board the vessel on the steel work of the Watch, and also by 
the change of temperature in the weather during the voyage. And as this is difficult to remedy on board a 
merchant vessel, it becomes necessary to find the Sea Rate at the earliest convenient opportunity, and to 
verify it from time to time during the voyage. The method of doing this will be found in its proper place 
under the head of Rating the Chronometer at Sea. (See page 155.) : 

This method is simply to ascertain the Error of the Chronometer on Greenwich Mean Time when the 
Ship is in sight of land, the position of which is well laid down. And the difference in the Error ascer- 
tained at one place and the next, divided by the number of days elapsed between the observations, is the 
Sea Rate. Or, when the Ship is in port, and the Sea Horizon visible, the Rate may be found by comparing. 
it with M. Time. Or the Artificial Horizon may be used on shore, the times of the Altitudes being taken 
by a Watch, which, as before explained, must be compared with the Chronometer, both before and after 
the observations are made, and its Rate (if any) allowed. Rating Chronometers by the Artifical Horizon 
is a more correct method than by the Sea Horizon, because of the haze and change of Dip, which some- 
times effects the latter. | 

When there are several Chronometers on board a vessel, the one which keeps the most uniform Rate is 
taken as a standard one, and with which all the others are compared. The cause which alters the Rate 
of one Chronometer may likewise alter the Rate of another, so that the agreement of any number of 
Chronometers cannot be admitted as evidenee of the truth of the time which they show. One good Chro- 
nometer, in the hands of a competent person to manage it, is sufficient for almost any voyage. 


THE AZIMUTH COMPASS. 


The Azimuth Compass is of a superior construction to the Steering Compass, and is particularly adapted 
for observing Bearings. 

It is fitted with vertical Sight Vanes for the purpose of observing objects elevated above the horizon. In 
one of these Vanes there is a long and very narrow slit, and in the other is an opening of the same kind, 
but wider, and having a wire up and down the middle of it exactly opposite to the slit. 

The Card is similar to those of the Steering Compass, with this difference only, that a cireular ring of 
silvered brass, divided into four times 90°, or 360°, circumscribes the card. | 


To Observe the Sun’s Amplitude. 


Turn the Compass Box, until the Vane containing the magnifying-glass is directed towards the Sun, and 
until the bright speck or rays of the Sun (collected by the magnifying-glass) falls upon the slit in the other - 
Vane. If the Card vibrates considerably at the time of observation, take the middle between the extreme 
vibrations for the Observed Amplitude. 


Or the sight may be directed through the dark glass towards the Sun, which must be bisected by the 
wire in the other Vane. 

A common spare Steering Compass may be made a very good substitute when a Ship is not furnished 
with an Amplitude Compass, (and which is frequently the case), as follows: Place the Compass Box as 
near the Binnacle as possible. and in such a position that the Sun at Rising or Setting may be seen over it. 
Now take a Plane Scale or a thin straight-edge. and place it over the centre of the Card in the direction 
of the Sun. Look along the edge of the Seale and see that the far end of it points to the Sun’s centre. . 
Then the point, or fraction of a point of the Comyfiiss. which is under the edge of the Scale, will be the 
Hse Amplitude, which must always be reckoned from the East or West points towards the North or 

uth. 

The observation should be made when the Sun’s lower limb appears somewhat more than his semi 


diameter above the horizon, because, on account of the Refraction of the atmosphere his centre is then 
really in the horizon. : 
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To Observe the Sun’s Azimuth. 


In observing the Azimuth of the Sun his Altitude is required to be taken at the same instant of time 
w.th a Quadrant, in order to obtain his True Azimuth. 

Raise the magnifying-glass to the upper part of the Vane, and move the box, with the magnifying-glass. 
to the Sun, until the bright speck falls on the other Vane, or on the line on the horizontal bar. The 
divisions being then read off will be the Sun’s Magnetic Azimuth. 

If the Card vibrates considerably at the time of observation, take the middle between the extreme 
vibrations. 

The Azimuth is counted generally from the North point of the Compass in North Latitude, and from 

~the South point of the Compass in South Latitude. Towards the East in the morning, and towards the 
West in the afternoon. 

But sometimes, for convenience sake, it is counted from the South in North Latitude, and from the North 
in South Latitude. 

In high Latitudes, the Sun’s Azimuth may be observed at Noon at the instant he is on the Meridian; 
that is, when he is true South or North, and the difference between that and the Azimuth bearing by Com- 
pass gives the magnetic variation at once. 

But to do this it is necessary to have the Watch previously regulated to Apparent Time at the Ship, so 
that the Sun’s Azimuth may be observed at the instant the Watch shows 12 o’clock ; because the Sun then 
is True South in North Latitude, and True North in South Latitude. And supposing the Bearing by the 
Azimuth Compass to have been South also, there would, in that case, be no variation. On the other 
‘hand, if the Bearing by the Azimuth Compass was §. 22° 30’ W., then there would be that amount of 
Magnetic Variation “Westerly. But if the Bearing of the Azimuth ‘Compass had been S, 22° 30’ E., there 
would be that amount of Magnetic Variation Easterly, 
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INSTRUMENTS USED IN NAVIGATION. 


DESCRIPTION AND USE OF THE THERMOMETER. 


Fahrenheit’s Thermometer is used on board of Ships for the purpose of registering the temperature of the 
Ocean at the surface, and also the temperature of the Air on the open Sea. The Zero, or commencement 
of the Scale, begins at 32°, or the Freezing-point, and is counted upwards and downwards, according as the 
column of mereury expands or contracts. When the temperature or heat increases it rises ; but when the 
temperature decreases, or, (which is the same thing), the cold increases, it falls, and the degree opposite the 
top of the mercury is the reading required. When it is below 32° it is said to stand so many degrees 
below the Freezing-point; and during the Winters in the Arctic or Polar regions. the mercury itself freezes 
from the intense cold. 

The Thermometer is a most useful instrument in giving warning of the Ship’s approach to Ice in thick 
foggy weather. This is simply done by drawing a bucket of water from alongside and plunging the Ther- 
mometer into it at regular intervals in the day, during the voyage, and the readings noted down. And, 
when it is found that the temperature of the water has fallen, on approaching a locality where Ice may be 
expected to be fallen in with, the observations should be repeated every few minutes. And should the 
mercury in the tube keep sinking, you may conclude that the Ship is approaching Ice, and the precaution 
should be taken at once to shorten sail. For if it be in the Winter season, and the Thermometer has fallen 
to 34°, she will then be only half a mile off the Ice. Ifin the Summer season, and the Thermometer has fallen 
to 42°, she will then be about the same distance off, and on a nearer approach the glass will fall still lower. 
But when the Ship has passed the Ice, the Thermometer will gradually rise again. 

In the month of June, near the Bank of Newfoundland, the Thermometer had fallen suddenly from 48° 
to 42°. Ship was then running with Studding-sails set on both sides, in very thick weather. They were 
immediately taken in and the Courses hauled up, when the white glare of an immense Iceberg was seen 
right ahead, and she had to be hauled to the wind in order to pass clear to the windward of it at less than a 
quarter of a mile distant; so that by a timely reference to this useful instrument the Ship was rescued 
from imminent danger. 

The temperature of the Ocean is higher in deep water, than it is in shoal water near the land, or on banks. 
Hence, a Ship on approaching land, or on Soundings, the Thermometer falls from 2° to 6°, except on a high 
bold shore with deep water close to it, when it is not so apparent. The difference of temperature on and 
off the Banks of Newfoundland is 5°. 

Currents in the Ocean coming from high Latitudes have their water colder than those which come from 
or Latitudes, which accounts for the variation in the temperature of the surface water, out on the open 

ea. ; 

On a Ship entering the Eastern edge of the Florida stream, the water will be found to be from 5° to 
8° warmer, and after crossing it and leaving its Western edge, the adjoining Sea will be found that mugh 
colder, and when she gets on soundings, several degrees colder still. So that a careful observer will always 
be warned of his approach to the coast of the United States of America, by consulting this useful instru- 
ment in thick weather, when no Celestial observations can be obtained. 

The Plate of the Thermometer should be made of Ivory or Metal, so that the tube will be less liable to 
break, and it should be fixed in a square metal box, the bottom of which, as high as the mark 30°, should 
be water-tight, so that in examining the degree of temperature, the bulb may be kept immersed in the water. 
The remainder of the length should be open in front, with only two or three cross bars to ward off any 
accidental blow. It would be better to have a spare one also, fixed up in some safe part of the ship, in the 


shade, out of the wind, and in as dry a place as possible, to register the temperature of the air, while tli 
other may be used for the water. 
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DESCRIPTION AND USE OF THE BAROMETER. 


The Barometer is used on board of Ships for the purpose of foretelling the state of the weather. By the 
pressure of the Atmosphere acting on a column of Mercury, contained in a glass Tube, which has a Scale 
attached to it, marked in inches, and a sliding Vernier, the top of which being set at the height of the 
Mercurial column, gives the measurement in inches, and hundredth parts of an inch. In North Latitude it 
stands highest with N. E. winds, and lowest with S. W. In South Latitude it stands highest with S. E. 
winds, and lowest with N. W. 

About the commencement of a Storm, in North Latitude, from the S. W., with rain, the Barometer 
begins to fall, and continues to fall as the Storm increases; and when it stops and begins to rise. the rain 
w.l1 soon cease, and a shift of wind to the Northward may be expected; but it may continue to blow 
hard until the Barometer rises to 30 inches. 

In South Latitude, N. W. winds bring rain, with a falling Barometer; but it rises with Southerly 
winds. If it rises slowly and gradually, good weather may be expected to follow; but if it rises rapidly, 
the weather will continue unsettled and. stormy. 

In general, before a heavy fall of snow or sleet, the Barometer falls very low, and the wind commences 
to blow from the quarter in which it generally stands the highest in fine weather, and after the fall of snow 
it rises rapidly. 

But there are many curious exceptions to these general rules; for I have seen the Barometer steady at 
30 inches, with the wind blowing hard at S. W., with heavy rain falling for several days together, Ship 
being then in a high Northern Latitude. But the secret of this turned out to be, that an Easterly wind 
was at hand, which followed the 8. W. wind, and continued blowing for several weeks afterwards. : 

The never-failing sign of bad weather is, when daylight breaks high over head, and the clouds to lee- 
ward look heavy and near ; also, when the Sun rises or sets with a lurid red glare. These appearances 
should be taken in connexion with the action of the Barometer, before a proper opinion can be formed of 
the kind of weather that may be expected to follow. 

The Barometer generally stands about 30 inches in the fine serene weather experienced in the Tropics, 
except between the Trade Winds, when it falls a little during the rainy weather which prevails there. 
But, if it falls rapidly near the Northern or Southern limits of the Trade Winds, (that is, between the Lati- 
tudes of 20° and 30°,) down to 29.50, there is a Hurricane at hand, and by referring to the Diagrams of the 
Storm Circle, at pages 43 and 44, measures must be taken at once for the safety of the Ship, where it will be 
percieved that with the Barometer at 29.50, the Ship will be about 150 miles distant from the Focus . when it 
falls to 29.20, 100 miles off ; to 28.40. 50 miles off; and at the Focus itself it will stand at 27 inches. 
When the Ship increases her distance from the Focus the Barometer will rise; so that it is a most valuable 
instrument in the locality of Hurricanes. 


THE ANEROID BAROMETER. 


This instrument is constructed so that the pressure of the Atmosphere acts upon a metalic spring, con- 
nected with a vacuum, and turns a hand to the Right, answering to the rising of the Barometer, and to the 
Left when it is falling. It has a round face, similar to a Chronometer, and the Inches are marked on it 
and counted in the same manner as the Mercurial one. This instrument is very sensitive and exact, very 
superior to the old ones, which are sometimes difficult to read off, on account of the Mercury plunging up 
and down in the tube, when the Ship has violent motion. 

I have used this instrument myself for some years, and in a great many instances it has given me warning 
of a coming Hurricane more than 24 hours in advance. It is also more portable, and can be hung up, or 
placed any where about a Ship’s cabin, or in a place where it would be inconvenient to swing a Mercurial 
one. 


NAUTICAL ASTRONOMY. 


Having thus given a short description of the principal Instruments used in Navigating a Ship, we now 
proceed to find the Ship’s place on the Ocean from Astronomical Observations, and commence with finding 
the Latitude from the Meridian Altitude of the Sun. The Correct Declination of the Sun must be found 
at the time of Observation, as follows : 

The Sun’s Declination, found in Table X, to the nearest minute, is calculated for every Noon at 
Greenwich, for several years in advance, and which will answer for every fourth year afterwards, by 
applying a small correction found in the adjoining Table; or it may be taken from the Nautical Almanac. 

When the Ship is on the Meridian of Greenwich, no correction is required, and the Declination standing 
against the day of the month may be taken out and applied at once, because it is Noon at the Ship and 
Noon at Greenwich at the same instant of time. But when a Ship is on a Meridian to the Eastward or 
Westward of Greenwich, that is, when her Longitude is East or West from Greenwich, the Declination 
must be corrected for the Change of Declination corresponding to the Longitude in time ; because when it 
is Noon at the Ship, in 15° East Longitude, it wants 1 hour of being Noon at Greenwich, and when it is 
Noon at the Ship, in 15° West Longitude, it would be 1 hour past Noon at Greenwich. This correction 
amounts to a considerable quantity when the Longitude is great, and when the Sun changes his Declinaticn 
rapidly in the months adjoining March and September. ¢ 


RULE 


For Correcting the Sun’s Declination at Noon. 


Enter Table XI with the Longitude at the side column and the Declination at the top, and the angle of meeting 
points out the correction to be applied, according to the precepts at the bottom of the Table. 


EXAMPLE 1. 


Required the Sun’s Correct Declination on the 1st of March, 1854, at the end of the Sea Day, in the Longitude of 


80° West. 
The Sun’s Declination, March 1st, at Greenwich, at the end of the Sea Day, or the beginning of the 


day in the Nautical Almanac, by Table X, is...... 2 OA ee ew eles Sergey ry > 7° 36’ S. 
Correction for the Declination in Table XI, for Longitude 80° West, is.......... ccc ec eee cee eceee Sub. 5 
(Because the Long. is West and Declination Decreasing,) Gives the Correct Declination........ ats a Ot Sees: 

EXAMPLE 2. 


Required the Sun's Correct, Declination on the Ist of April, 1854, at the end of the Sea Day, in the Longitude of 
90° East. 


The Sun’s Declination, April 1st, at Greenwich, by Table X, is........... ioestma@askaasdnetne te atthe 4° 32' N 
The Correction for the Declination in Table XI, for Long. 90° East, is 5'8............e0002e00+- SUb. 6 
(Because the Long. is East and Declination Increasing,) Gives the Correct Declination.........s00...+..4° 26’ 


Nors.—The Corrections in Table XI, are expressed in minutes and tenths of minutes, and it is usual in practice that 
when the tenths exceed 5, we call the minutes one more, but when the tenths are less than 5, they are not used _at all. 
But when greater accuracy is required, multiply the tenths by 6, which will give seconds of Declination. 

It may also be remarked here, that the Declinations, or any other quantity found in the Nautical Almanac, are all 
calculated for Astronomical Time at Greenwich ; and that the Astronomical Day begins 24 hours after the Sea Day, and 
12 hours after the Civil Day, and is counted through the 24 hours. , 

Hence the Noon of the Civil Day, (or that used by the generality of mankind,) the Beginning of the Astronomical 
Day, and the End of the Nautical Day, take place at the same period of time. 

There is no reason why this absurd system of keeping Sea Time should be continued; because it is just as easy te 
keep Civil Time, commencing the day at Midnight, and the Day’s Work could still be reckoned from Moot to Noon 
ns before. The only difference would be, that one half of it would appear in the preceding day’s Log, (where it really 
belongs,) and the other half in the following. Many Logs ar now kept on this principle. (See page 195.) 
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To Correct the Sun’s Declination to any Time of the Day. 


When the Declination is required at any other time than at the Noon of the Ship, a farther correction 1s 
necessary: because, for instance, an observation of the Sun made at 4 hours, either before or after the 
Noon of the Ship, his Declination must be corrected for the change of Declination in that time. 


RULE. 


Correct the Declination for Noon as in the foregoing Examples. Then enter Table XI again, with the time from 
Noon at the Ship in the side column, and the Declination at the top, and the angle of meeting points out the correc- 
tion in minutes and tenths, to be applied according to the precept at the bottom of the Table. 


EXAMPLE. 8. 


_ Required to find the Sun’s correct Declination on the 1st of March, 1854, at 8h 10m in the forenoon, Sea Account, 
in the Longitude of 80° West. ; 


The Sun’s Declination, March Ist, at Greenwich Noon, by Table.X, is.............. 7° 35’ S, Decreasing. 
«6 


Correction for Declination, in Table XI, for Longitude 80° West,.......... .. eoub, 
(Because the Long. is West, and the Declination Decreasing), gives the Decl. at Noon 7° 30’ S. 
Correction for 3h 50m, or the time from Noon, Table XI, is 3’ 8’’ —........... Add 4 


(Because the Time was before Noon and Decl. Decreasing.) Correct Decl. at 8h10m 7° 34’ S. 


EXAMPLE 4. 


Required to find the Sun's correct Declination on the Ist of April, 1854, at 7h 20m in the forenoon, Sea Account, 
in the Longitude of 90° East. 


The Sun’s Declination, April 1st, at Greenwich Noon, by Table X, is.............. 4° 32’ N. Increasing. 
Correction for the Declination, in Table XI, for Long. 90° East, is 5’ 8....... Sub. 6 

(Because the Long. is East, and the Decl. Increasing), gives the Decl. at Noon...... 4° 26’ N. 

Correction for 4h 40m, or Time from Noon, in Table XJ, is 4’ 5’..............0. Sub, 5 


(Because the Time was before Noon and the Decl. Tngfeasing. ) Cor. Decl. at 7h 20m 4° 21' N. 


’ EXAMPLE 5. 


Required to find the Sun’s Declination on the 21st of March, 1854, at 5h 20m in the afternoon, Sea Account, in 
the Long. of 120° West. 
March 21st, Sea Account, is March 20th. Declination’ at Greenwich Noon, Table X, is 0° 10’ S. Decreasing. 


Correction for the Declination, in Table XI, for Long. 120° W. is 7’ 8”........ Sub. 8 
(Because the Long. is West, and the Decl. Decreasing), gives Decl. at Noon........ 07-3248; 
Correction for 5h 20m, or the time from Noon, in Table XI, is 5’ 2”........... Sub. 5 


Here the Decl. has changed from S. to N., and the Diff. is the Decl. at 5h 20m. P. M. 0° 3’ N. 


Hence, the rule in this case is, that when the Correction Subtractive, exceeds the Declination, the differ- 
ence is the Declination of a contrary name. 


EXAMPLE 6. 


Required to find the Sun’s correct Declination on the 23d of September, 1854, at 10h Om, in the forenoon, in 
Long. 15° 0’ East. : ; 


The Sun’s Declination on the 28d September, at Greenwich Noon, is............+% 0° 8/’S. Increasing. 
Correction for the Declination in Table XI, for Long. 15° East,...............2- Sub. 1 

(Because the Long. is East, and the Declination Increasing.) Declination at Noon.... 0° 2’ 8. 
_ Correction for 2h 0m, or the time from Noon, Table XIJ.......5.. 00... 0 ce ees Sub. 2 


(Because the Time was before Noon and the Decl. Increasing.) Correct Decl. at 10h. 0° 0’ Sun on the Equa. 
To Correct the Sun’s Declination to the Greenwich Time of Observation. 


RULE 


Turn the Ship’s Long. into Time by Table XX VI, and add it to the time at the Ship, in West Longitude, or 
subtract in East. The result will be the Greenwich Time of the observation. If it is before Noon at Greenwich, 
subtract it from 12h; if afternoon, itis the required Time. Take out the Declination against the day of the month, 
from Table X. Then enter Table XI with this time from Greenwich Noon, in the side column, and the Declination 
at the top, and at the angle of meeting will be the required correction, to be applied according to the precept at 


the bottom of the Table for Time. 

Suppose, as in Example 3d. the time at Ship to be 8h 10m A. M. Long. 80° W., in time, is 5h 20m, 
which, added, makes 13h 30m, less 12h, gives 1h 30m, the Greenwich time past Noon, which, with ‘the 
Declination 7° 35’, gives the Correction 1’ subtractive, and the correct Declination is 7° 34’ S. 
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: LATITUDE BY THE MERiDIAN ALTITUDE OF THE SUN. | 
s 


Latitude is the Distance of a place from the Equator either North or South, and is measured by an Are 
of the Meridian contained between the Zenith of the observer and the Celestial Equator. Hence, if the 
distance of any heavenly body from the Zenith, when on the Meridian, be known, and its Declination 
found in Table X, that is, the number of degrees and minutes it is to the Northward and Southward of 
the Celestial Equator, the Latitude may thence be found. 

As the Pole round which the Celestial Bodies appear to revolve, remains always in the same fixed place 
in the heavens, from whatever point of the Earth’s surface it is viewed, its elevation at any particular 
place is always the same, and the Celestial Equator is 90° from it. When the observer changes his Lati- 
tude he changes the distance between his Zenith (which moves with him) and the Pole. He therefore 
changes the Altitude of the Pole above the Horizon, and which is always equal to the Latitude of the 
place. The position of the Celestial Equator is changed in like manner. (See Figure 12th, next page.) 

The simplest and most. efficient manner of determining the Latitude is by measuring the Meridian Alti- 
tude of the Sun with a Quadrant, at the time he attains his greatest Altitude. It is then Apparent Noor 
at the Ship. 


To Find the Latitude from fiagpieridton Altitude of the Sun. 


RULE. 


Read off the Observed Altitude from the Quadrant, and write it down. In practice, three Corrections only are 
required to be applied to the Sun’s Observed Altitude, viz: The Semi-diameter, taken at 16’, the Dip found in 
Table V, and the Refraction found in Table IV. The Sun’s Parallax, being small, is omitted. 


If the lower limb be observed, we find his central Altitude by adding the Semi-diameter 16’, and sub- 
tracting the Dip and Refraction ; or by subtracting the Dip and Refraction from 16’, and adding the bal- 
ance, which comes to the same thing. 

In Table [X. the balance of all the corrections may be taken out at once by inspection, as follows : 
Enter the Table, with the Observed Altitude, at the side, and the height of the eye above the Sea, in feet, 
at the top, and at the angle of meeting will be the Correctien required in minutes and tenths, and which 
is always additive when the lower limb is observed. When the tenths amount to more than .5, we call the 
minutes 1’ more, bat if less than .5, we throw them away, and the result is the True Central Altitude. 
But if greater accuracy be required, ‘multiply the tenths by 6, will give seconds of Altitude. 

If the Sun’s upper limb be observed, the whole of the Corrections are to be subtracted, which will give 
the True Central Altitude. 

[f the Sun’s centre itself be observed, as in’ figure 10. No. 3, the Semi-diameter is not required to be 
allowed for. In that case, the. Dip and Refraction together, subtracted, will give the True Central 
Altitude. 

Subtract the Sun’s True Central Altitude from 90°, will give the Zenith Distance. Then if the Sun 
bear South when on the Meridian, mark his Zenith Distance North, and if he bear North, mark his Zenith 
Distance South. 

Take out the Sun’s Declination from Table X, and correct it for the Longitude of the Ship by Table XI 
Write it down under the Zenith Distance, and mark it North or South, as named in Table X: or, if taken 
from the Almanac, in the page containing the day of the month. 

Then if the Zenith Distance and Declination be both North or both South, hei sum is the Latitude of 
that name. But if one be North and the other South, their difference is the Latitude of the same name as 
the greater of the two. 


Nore. When the horizon under the Sun is obstructed by land, the Correction for Dip must be taken from Table VII], 
when at less distance from the Shore than 6 miles. 


EXAMPLE 1, 


January Ist, 1854. In the Longitude of 80° West, the Meridian Altitude of the Sun’s Lower Limb was observed 
to be 26° 52’, ‘bearing South, Index Error 2’, subtractive. Height of the eye above the Sea, 18 feet. Required 
the Latitude in. 
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Projection of the Meridian Altitude. 
Fic. 12. 


a 
< 
U 
= 
4 
Ww 
> 
u 
= 
on 
a. 


¥ 
°o 


e 
Sv 
o 
Ro: 
< 
m 
2 


- HORIZON 


Rute.— With the Chord of 60° describe a semi-cirele, to represent the concave Arch of the heavens, and draw the 
Rational Horizon. Lay off the Sun’s Altitude, 27°, on the Left. Take the Declination, 23° S,, in the dividers, (from 
the line of Chords,) and with one foot in the Sun’s place, extend the other towards the Zenith, (because the Declina- 
tion is South,) which will mark the place of the upper end of the Equator on the Meridian Girele. Now draw the 
Equator through the centre and the Polar Axis at right angles to it. Mark the Zenith at 90° from the horizon, and 
draw a line from it through the centre, and where it cuts the, Earth’s surface is. the place of. the Observer... .His 
Latitude is measured on the Meridian, and is the Distance of his Zenith from the Celestial Equator, whieh, on the 
line of Chords, measures 40°, and the Elevation of the North Pole, 40° above the horizon, is equal to the Latitude 
uf the place. Hence the Distance of the Observer from the Equator of the Earth, which is 40°, is his Latitude North. 


By Computation. 


Sun’s Observed Altitude, Lower Limb....... 96052" 5: 
Semi-diam., add,....16’ Index Error, Sub... 2 Sun’s Declination, Jan. Ist, Table X,........ 28° 1''S. 
Dip.4, Ref. 2—Sub. 6’ 26° 50’ .. Correction Table XI, Long. 80 W.... Sub. 1 
Balance of Coit. 3 5 6100.6 6 ccs 05% «4: Add swie.-210 Corr. Declination at Noon.of the Ship... ... 23° 0S; 

Sun’s true Central Altitude. ...27° - 0’ 

90 O 

Memb dIStance 2°. >. << eta ot 65° 0 &. 

Correct Declination.......... he as ae 

Latitidelini st s...%. ois tee AO FIN 


EXAMPLE 2. 


June Ist, 1854. In the Long. of 90° E,, the Meridian Altitude of the Sun’s Lower Limb was observed to be 69° 
45’, bearing S., Index Error 3’, additive. Height of the eye above the Sea, 20 feet. Required the Latitude in. 


Projection of the Meridian Altitude. 


Ruiz—Proceed, as in the last Example, to draw the figure. Then lay off the Sun’s correct Altitude, 70° on the 
left, Take the Declination, 22° N., in the dividers, and with one foot in the Sun’s place, extend the other downwards, 
{because th: Declination is North,) which will mark the upper end of the Equator, Now draw the Equator and the 
Polar Axis as before. A line drawn from the Zenith, let fall on the Earth’s surface, and through the centre, will. be 
the place of the Observer, and his Latitude is the Distance of the Celestial Equator from his Zenith, which measures 
42° on the line of Chords, and the Elevatiun of the Pole is equa! to the Latitude, 


EXAMPLE 3. 


July 22d, 1854. In Long, 25° West, the Meridian Alti- 
tude of the Sun’s Lower Limb was 89° 1’ South. Height 
of the eye, 18 feet. Required the Latitude in. 


Obs. Alt. Sun’s Lower Limb..........20% e89°0178. 
Corr. found in Table IX,,...... eae Addie 12 
True Central Altitude........ 89° 13’ 
HS 90 0 
Zenith Distance. ... ... ...eee 0°47 N. 
Declination, Table X, 22d July, 20° 19’ N. 20 18 N 
Corr., Table XI, Long. 25°, ..Sub... 1 


Latitude itor ses foes PSP Ie 85 NN. 


EXAMPLE 5. 


Aug. 7th, 1854. In Long. 112° W., the Meridian Alti- 
tude of the Sun’s Lower Limb was 74° 27’ North. Re- 
quired the Latitude in. 


Obs. Alt. Sun’s Lower Limb.............. 74° O0'N, 

Uorr: from: Tabled X,) ss eS EI AdAvary12 
True Central Altitude...... SAY Eis) 1 
Zenith Distance.............. 15° 21'S 

Declination, Table X, 7th Aug., 16° 28’ N. 

Corr., Table XI, Lon. 112° W., Sub.. .5 { 16 
Lgtitude in...) .. oi. ee eee 1°. 3oN, 


EXAMPLE 4%. 


March 20th, 1854. In Longitude 160° W., the Meridian 
Altitude of the Sun’s Lower Limb was 32° 58’ N. Re- 
quired the Latitude. 


Obs. Alt. Sun’s Lower Limb............... 32° 58’ N. 

Correction, Table IX, .............. Add.. 10 
True Central Altitude........ 33° 8 
Zenith Distance............. 56° 52'S 

Declination, Table X, March 20th, 0° 10’ S. 

Corr., Table XI, Lon.160° W.,Sub..0 11 t oO. 1N 
Latitude in........ Seb as See 56° 51'S. 
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Finding the Latitude by the Meridtan Altitude of the Sun. 
BY COMPUTATION.—(See Example 2.) 
Sun’s Observed Altitude, Lower Limb........ ..-.69° 45’ S, Declination, June Ist, 1854, Table X,.... 22°3'N 
Semi-diam......... 16’ Index Error,...... Add... Corr. in Table XI, Long. 90° E==. .Sub.. 2 
Dip. 4, Ref.0, Sub. °4 69° 48’  Sun’s Corr. Dec., Noon of Ship.......... 22°1'N 
Balance of Corr.....12  . : -Add..... 12 ; 
_ Sun’s true Central Altitude...... y See 
| 90. 0 
Zenith Distance. ¢ sssiemeenee ta wncmesie Gate 
Sun’s Correct Declination. sete cc eeeee 5 ame Be B 
Latitude in..... ee eee uae ee ADT Ne 


EXAMPLE 4. 


July 23d, 1854. In Long. 27° W., the Meridian Alti- 
tude of the Sun’s Lower Limb was 88° 4’ N. Height of 
the eye, 18 feet. Required the Latitude. 


Obs. Alt. Sun’s Lower Limb............... 88° 4’N 
Correction, in Table IX,...........-2 Add... 12 
“True Central Altitude........ 88° 16 
d tise, 90 O 

Zenith Distance........... ee 1°44 8 

Declination, Table X, July 28d, 20° 7’ N. 20 6 N 

Corr., Table [X, Lon. 27° W., Sub.. .1 
Latitude-in. \..<. seas eae 18° 22’ N. 


EXAMPLE 6. 


Aug. 8th, 1854. In Long. 140° East, the Meridian Alti- 
tude of the Sun’s Lower Limb was72° 46’ N. Required 
the Latitude. 


Obs. Alt. Sun’s Lower Limb........ Font ae 72° 46’ N. 
Correction, Table IX,... 0.6 ccc. cee Add.. 12 
Trite Altitude.” \o. cfs twa ees . 72° 58’ N, 
Zenith Distance............. 17-8 8. 
Declination, Aug. 8th, Table X, 16° 11° 16 18 N 
Corr., Table XI, for Lon, 140° E.,..Add.7 
BRGY Th Tc Vl, Qe Pee ae 0° 44’ S. 


EXAMPLE 8. 


March 21st, 1854. In Long. 175° E,, the Meridian Alti- 
tude of the Sun’s ‘Lower Limb was 40° 20' N. Required 
the Latitude. 


Obs. Alt. Sun’s Lower Limb was...........40° 20’ N 
Correction, Table IX, ....0. icc ce ee Add.. 11 
Troe Altitude? ss 202. Seeks 40° 31’ 
Zenith Distance... .......... 49° 29’ 8, 
Declination, Table X, March 21st, 0° 14’ N. bg: 
Corr., Table XI, Lon. 175° E, Sub. 12 t 0 ae 
Latitude ii, <5 Figs. ocke wttate OSs 8. 


In the above Exampies the height of the eye above the Sea is supposed to be about 16 or 18 feet, which 


answers very well for vessels of common size ; but i 


siderably above that. 
feet above the Sea. 
accordingly 


n very large Ships the height of the eye will be con- 
On the other hand, in small vessels the height of the eye will be much less than 16 
_ The Dip, found in Table V, or the height of the eye, in Table [X, must be regulated 
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FINDING THE LATITUDE BY THE MERIDIAN ALTITUDE OF THE SUN. 


When the Sun’s True Central Altitude is 90°, he is in the Zenith, and 8 correct Declination for that 
day is the Latitude of the same name as the Declination. 

When the Declination is 0° 0’, the Zenith Distance is the Latitude of a contrary name to the Bearing of 
the Sun when on the Meridian. 

When the Zenith Distance and Declination are equal, but of contrary names, the Ship is on the 
Equator. 

When the Sun is in the Zenith, and his Declination 0° 0’, the Ship is on the Equator, which the follow- 
ing Diagram will show. 


Fic. 14. 


ZENITH 


RATIONAL «= 


.n this Figure, the Sun appears in the Zenith, and his Declination at the same time being 23° 28’ N. 
from the Equator, is the Latitude of that name, ‘and which is equal to the elevation of the Pole above the 
Horizon. Now suppose the Sun to be on the Equator, then his Zenith Distance would be 23° 28’ N., which 
is also the Latitude. Again: Suppose the Equator to coincide with the Zenith; then both North and 
South Poles would appear in the Horizon, and which is the case when the Ship is on the Equator. Again : 
if the Sun has, say 23° 28’ S. Declination, his Zenith Distance in this case would be 23° 28’ N., which 
being equal and of contrary names, the Ship would be also on the Equator. 

When the Sun is in the vicinity of the Zenith, it is often difficult to observe his Altitude, in consequence 
of not knowing on which side of it he will pass the Meridian. But if the Watch be previously regulated 
to Apparent Time it will be found of great service in indicating the exact time, that is, 12 o’clock, when 
the Sun will be on the Meridian, because his motion is then very quick, and he requires to be carefully 
watched to obtain his proper Altitude, It may, however, be obtained to nearly 90° in this way, by the 
exercise of a little care. 

It is nevertheless advisable to verify the Latitude so obtained, by an observation of a Planet or a Star, 
taken at twilight, when the Horizonis distinctly seen, and for which there are good opportunities to be 
found during the fine serene weather in the tropics. 


To Find the Latitude by Observing the Sun’s Centre. 


When the Sun shines through watery clouds his limbs may not be distinctly visible, but a good observa- 
tion may still be obtained by bringing his middle down 0 9 the Horizon. (See page 68, Fig 10.) The 
observation is then worked as follows : Vib 


EXAMPLE 9, ld EXAMPLE 10, 


Observed Meridian Alt. of the Sun’s Centre. ..10° 10’ N. | Observed Merid. Altitude of the Sum’s Centre.60° 14’ S. 
Dip 4, Refraction: 5, . sc DJ s.5 Sewn As Sub. 9 Dan 4, Refraction vacew ss « (scout Sub. 5 
Sun’s True Central Altitude.................10° JV Sun’s True Central Altitude...............65 60° 9’ 
Zenith Distances. .....e.scceecces ove Ly 19° BOS Ptemenith Distances sa dis wc osc s + coo nis's e Mie wes 29° 51' N. 
ethination; June Dlet,..csesccssededbat ess 23 27 N. | Declination, December 21st,,..........+-065 p+ Tet dia § 


Ship off Cape Horn, Latitude in..... Pearce 56° 32’ S| Latitude in....... ies unyee ve Arar rie 6° 24’ N 
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TO FIND THE LATITUDE FROM A BACK OBSERVATION WITH A SEXTANT. 


RULE. 


Bring the Lower. Limb of the Sun in contact with the Back Horizon, and subtract the Angle so obtained from 
180° 0” which will give the Meridian Altitude of the Upper Limb Subtract the difference between the Dip and 


the Semi diameter, (usually taken as 12’), and the result is the True Central Altitude. 
Refraction is required, because the Sextant ean only measure about 120° of an 


In this ease, no Correction for 
Angle, the supplement of which is 


60? of an Altitude, (for which no Correction for Refraction is required in Practice at Sea.) This method is useful in 
low Latitudes when the Horizon under the Sun is obstructed by the land. 


DIAGRAM OF A BACK OBSERVATION. 


Fie. 15. 


EXAMPLE 11 


The Angle of the Sun’s Lower Limb from a back Ob- | 


servation with a Sextant, was 119° 32° on the Meridian, 
the observer facing towards the North. The correct De- 
clination at the same time was 20°10’ N. Required the 
Latitude. 

Observed Angle Sun’s Lower Limb.........119° 32’ N, 


Subtract from, ...... dish oa stalk. Jdnid» haan 180 0 
Sun’s Meridian Altitude, Upper Limb...... 60° 28’ S. 
Semi-diameter 16’ and Dip 4’, subtract Corr. 12 
Sun’s True Central Altitude............... 60° 16’ 


Subtracted from 90°, gives the Zenith Distance 29° 44’ N. 
PORT GCE IOCLIIDUCION tide ayare os as'e'e tan outa 20 10 N. 


DSCOUGT ING oo vo Coe ee ett eile atcen onk (a nontae DENG 


EXAMPLE 12. 


The Angle of the Sun’s Lower Limb from a Back Ob 
servation with a Sextant was 100° 25’ on the Meridian, 
the observer facing towards the South. The Correct De- 
clination at the same time was 22° 15’ N. Required the 
Latitude. 

Observed Angle Sun’s Lower Limb.........100° 25’ S. 
Subtract! from. : aad 7a Cees Seda Maes 180 

Sun’s Meridian Altitude, Upper Limb....... 79° 35’ N. 
Semi-diameter 16’ and Dip 4’, subtract Corr. 12 
Sun's True Central Altitude. .............. 719° 23° 


Subtracted from 90°, gives the Zenith Distance 10° 37’ S. 
Cotrect Declination .): "0. + cemnas +> sca0 Sts 22° 15° N. 


SL EEREICACIR cow nice Hea « BIA aa MBRae Solis meni sae 


To Find the Latitude from an Altitude by the Shore Horizon 


When the Ship is less than 6 miles from the Shore under the Sun, when on the Meridian, his Lower 
Limb is brought down to the line which divides the Sea and Land, and a Correction for Dip taken from 
Table VIII, to be used in the room of the Dip usually taken from Table V. 


EXAMPLE 138. 


With the Bearing of the Land find the Distance off, by 
some one of the Rules given at pages 32 and 83, or by the 
Soundings on the Chart. 

Suppose the Distance off shore to be 1 mile, and the 
Observed Altitude to be 60° 11’ S; height of the eye 18 


feet: Correct Declination 20° 10’ N, Required the Lati- | 


tude, 
Observed Alt Lower Limb to the Sea Line. ...60° 11’ S. 
Semi. 16’, Dip at 1 mile, Tab. VIII, is 11’, Add Diff. 5’ 


Sun’s True Central Altitude.................60° 16’ 
Subtracted from 90°, gives Zenith Distance.. ..29° 44’ N. 
Correct Declination. ..... Rs a 

Latipude atic. asa cs ceeheasn as 


‘lassie SLE: 4 
PRO 49° 64’ N, } 


EXAMPLE 14. 


Find the Distance off shore from the Bearing of the 
Land, as before directed, and the correct height of the 
eye above the Sea level. 

Suppose the distance off shore to be $ a mile, and the 
Observed Altitude to be 79° 35’; height of the eye 25 
feet ; Correct Declination 22° 15’ N. Required the Lati- 
tude. , 
Observed Alt. Lower Limb. to the Sea Line. ..79° 35’ N 
Semid. 16’, Dip at $ m., in Tab. VIII, is 28’ Sub. Diff. 12 


Sun’s TraeGentral Altitude: /.... ou «coma 79°. 23° 

Subtracted from 90°, gives the Zenith Dist. ...10° 37’ §, 
Oorredt Déclination. :.. vite died pie weed oe 15) 
Latitude ites. <c0¢ «ete Mabie sone ao kk Oh Te 


FINDING THE LATITUDE BY MERIDIAN ALTITUDE. 9] 
, 


TO FIND THE LATITUDE FROM A MERIDIAN ALTITUDE BELOW THE POLE. 


When the difference between the Declination of a body and 90°, or the Polar Distance, is less than the 
Latitude of the place, and they are both of the same name, the object comes to the opposite Meridian with- 


out setting, and passes that Meridian below the Pole. If the Altitude be then observed, the Latitude may 
be found as follows : 


Rute—Correct the Observed Altitude as usual, and to the true Central Altitude, add the Differenee between the 
Declination and 90°, or the Polar Distance. The Sum will be the Latitude of the same name as the Declination. 


In High Latitudes, in the Summer time, the Sun does not set for many days, and the Latitude may be 
obtained from his Meridian Altitude twice in the 24 hours; that is, at Noon and Midnight. 
DIAGRAM 
Of the Meridian Altitude Below the Pole. 
Fie. 16, 


a 


cs A i 
ZENITH 


PAS ISABEGLA THoms. Sc. 


[un this Figure the true Meridian Altitude of the Sun at Noon is 33° 28’ South, and which, worked out 
in the usual manner, gives Latitude 80° 0’ North, (on the coast of Spitzbergen,) and the Latitude from the 
Meridian Altitude at Midnight, is found as follows : 


EXAMPLE 15, 


June 21st, 1854. Sea Time at Midnight onthe coast 
of Spitzenbergen, the Merid. Altitude of the Sun’s Lower 


EXAMPLE 16. 


May 16th, 1854. Sea Time at Midnight the observed 
Merid. Altitude of the Sun’s Lower Limb was 8° 53’ N. 


Limb was observed to be 13° 17’ N. Height of the eye, 


Height of the eye, 15 feet. Ship off Verlugen Hook, in 
6 feet; Long. in, 17° East. Required the Latitude in. 


Long. 16° 50’ East. Required the Latitude in. 


Obs Alt. Sun's: Lower, Lamlicg adda oc aiais 13°17 N. | Obsi-Atesen’s: Lower. Limb.s sasesen ste. os a Sau, 

Correction, Table IX, to be added .......... 10 Correction, Table IX, to be added .......... 6 
True-Central Altitude........ 135 37; True Central Altitude......... 8° 59’ 

Declination, June 20th,........ 23° 27’ N. Deelination, May 15th.......... 18° 51’ N. 

Corr, for Long. 17° East....... 0 Corr. for Long. 16° 50’ East,.Sub.. ] 

Corr. 12h. past Noon.......... 0 Corr. for 12h. past Noon ....Add. 7 

Correct Declination. ........ oo 28a ey Correct Delination...... Sesmiahe lS, 61) 1710 ating 

Subtract from ...... "a duet «0 9070 ee Ua Subtract from. ...........0-- 90 0 erie 
HEatitude m5... acsaneee.~ SO 0’ N. Latitoide Si atts tures cusin «0:0 -- 80° aN 


Norr.—This Rule applies likewise to the Polar and other Stars, which have great North Declination, examples of 
which will be found at page 109; and it must be understood that although the foregoing Examples and Diagrams of 
Nautical Astronomy are generally constructed for North Latitude, and the North Pole elevated above the horizon, by 
reversing the figure, that is, by elevating the South Pole, the Rules are the same, only substituting South for North, 
The Spectator is then supposed to be situated at a great distance to the Westward of the Earth and facing towards the 
East, having South on his Right and North on his Left. 


92 NAUTICAL ASTRONOM ¥ 


FINDING THE LATITUDE ON SHORE BY THE ARTIFICIAL HORIZON, 


When the Sea Horizon is obstructed by the Land, the Latitude may be found by an Artificial Horizon 
on shore, (adescription of which is given at pages 78 and 79,) in places where the Sun’s Meridian Altitude 
does not exceed 60°; because in observing with this instrument, the angle is doubled, that is, 60° of Alti- 
tude would require an angle of 120° on the Arch of the Sextant, and the Arch of common Sextants de 
not extend much beyond 120°. 


RULE. 


Bring the Limbs of the Sun in contact, and when he has attained his greatest Altitude read off the angle, to whick 
apply the Index Error of the Sextant, and take half the angle for the Meridian Altitude of his Lower Limb, to 
which add the Sun's semi-diameter, and subtract the Refraction, will give his true Central Altitude. The Latitu le 
is then found in the usual manner. 


Sub. from 90°, gives the Zen. Distance... 60° 47/44” N. 
Sun’s Dee., Jan. 20th, N.A., 20° 7'38’S. 
* Cor. for Lon, 74° W,, in 20." 60528: 
Table XI, .... Sub. 2.62 36 ; 
Latitude of New York.... 40° 42’ 42” N. 


Sub. from 90°, Gives the Zenith Dist... 386° 51’ 51” S 

Sun’s Dee., March 30th. . .3° 45’ 22’ N. 

Corr: for Lon. 72° W., in 8 49 52 N 
Table XI, Add 4’.5,or - 4 80 


Latitude of Valparaiso Fort, 33° 1’ 59” S 


ZXAMPLE 17. 2. EXAMPLE 18. 

Jan. 20th, 1854. At New York the observed Angleof March 30th, 1854. At Valparaiso Fort the observed 
the Sun’s Lower. Limb inthe Artificial Horizon, on the | Angle of the Sun’s Lower Limb in the Artificial Horizon, 
Meridian, was 57° 57’ 20" S., the Index Error of the Sex- | on the Meridan, was 105° 44’ 10’ N., Index Error of the 
tant being 2’ subtractive. Required the Latitude Sextant being 1’ 30’’, additive. Required the Latitude. 
Obs. Angle Sun’s Lower Limb......... 57° 57’ 20" S. | Obs. Angle Sun’s Lower Limb....... 105° 44’ 10” N 

Index Hrropit...... Sub.. 2 0 Index Error. ....... Add 1 30 
Apparent Angle......... 57° 55’ 20" Apparent Angle........ 105° 45’ 40’’ . 
Half the Angle is the Sun’s Mer. Alt.... 28°57'40" S. | Half the Angle is the Sun’s Mer. Alt.. 52° 52’ 50” 
Sun’s semid., N. A...Add. ees 16 17 Sun’s semid., N. A... Add 162 
App. Central Altitude... 29° 13'57” Apparent Central Alt.... 53° 87 52" 
Refraction, Table IV, Sub. 1 41 Refraction, Table IV, Sub. 43 
Sun’s True Central Alit... 29° 12' 16” True Central Alt........ Bo a a ON 


EXAMPLE 19. EXAMPLE 20. 


June 21st, 1854. At the North Cape of Europe the Sept. Ist, 1854. At Antipodes Island, in Lat. 49° 35’ 
observed Angle of the Sun’s Lower Limb in the Artificial | S., Lon. 179° 2’ E., the observed Angle of the Sua’s Lower 
Horizon, on the Meridian, was 84° 5’ 36’’ S. No Index | Limb, on the Meridian, in the Artificial Horizon, was 63° 


Error in the Sextant. Required the Latitude. 2110” N. Ni Index Error. Required the Latitude. 

Obs. Angle Sun's Lower Limb ........ . 84° 5'36” S.| Obs. Angle Sm. Lower Limb......... 63° 21’ 10” N 

Half the Sum is the Sun’s Mer, Alt....... 42° 2°48” Half the Angle is the Sun’s Mer. Alt.... 31° 40’ 85’ 
Sun’s semi-diam., N. A...... _* 16 46 Sun’s semid., N. A... .Add. 15 53 
Sun’s App. Altitude ...... 42° 18’ 34” Sun’s App. Altitude...... 31° 56’ 28” 
Refraction, Table IV...... inde Sac Refraction, Table IV, Sub. 1 33 
Sun’s True Central Alt.... 42° 177328, Sun’s True Central At..... 81° 54’ 55” N. 

gees 90 00 00 — |Sub. from 90°, Gives the Zenith Dist..... E8° 6’ 5”S 
a: Zenith Distance.......... 47° 42’ 28’"N, |Sun’s Dece., Sept.lst, N.A. 8° 1918” N. 
Declination, June 21st. No Corr, required.23 27 32 N, Cor.Long.179° E.,Ta.XT.Add 11 8 30 18 N. 


Latitude of the North Cape, 71° 10’ o”N. Latitude of Antipodes Island. .49° 34’ 47” S. 


Nore.—In correcting the Declination, the Civil Time is used in the above Examples; that is, the Noon of the Civi’ 


day corresponding to the Beginning of the Astronomical day. ‘The Latitude found inthis manner is more correctly 
obtained than by the Sea Horizon, : 


* The Correction for the Declination in Table XI being in minntes 


and tenths of a minut iplyi 
by 6 w2 get seconds of Declination. cas oa appa 
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By one Altitude of the Sun and the Time from Noon. 


It frequently happens that the Meridian Altitude of the Sun is lost, in consequence of cloudy weather 
coming on, and that he may be visible both before and after he passes the Meridian. In either case, if an 
Altitude be then observed, and the Apparent Time at the Ship known, the Latitude may still be found 
as correct as at Noon. 

To facilitate this computation, a Table has been constructed so that the required Logarithms can be taken 
out by inspection, for the purpose of finding the number of Minutes of Altitude which the Sun has to rise, 
when ithe observation is made before Noon, or what he has fallen, when made in the Afternoon. In both 
eases this Correction is additive to the Sun’s Observed Altitude, which will give his Meridian Altitude, or 
what it would have been if observed at that place. 

Table XV, in Five parts, is given for this purpose, and explained as follows : 


PART I 


Contains the Logarithm of the Hour Angle, or the time from Noon, and extends to 64m. 30sec. This 
being sufficient for the common purposes of Navigation, and within which the observation must be made 
according to the limits given in Part V, (except in a very high Latitude in the Winter months, and where 
few Ships frequent.) This part is entered, with the minutes and the nearest seconds, from Noon, and oppo- 
site to it stands the Logarithm, to which annex the Index found at the top of the table. 


PART II 


Contains the Logarithm of the Latitude by the Dead Reckoning, and the Sun’s Declination when they 
are of the same name. The Latitude extends to 60°, and the Declination to 23°. This part is entered with 
the Latitude by Dead Reckoning at the side, and the Declination at the top. The Angle of meeting points 
out the required Logarithm. When the minutes of the Latitude and Declination amount to nearly half a 
degree, take out the nearest Logarithm preceding and the nearest Logarithm following it, add them 
together, and take their half sum for the required Logarithm. 


PART III 


Contains the Logarithm of the Latitude and the Declination, when they are of contrary names, and is 
entered in the same manner as the other. 


PART IV 


Contains the Sum of the Logarithms of the time from Noon, and that of the Latitude and Declination, 
opposite to which stands the required correction, to be added to the observed Altitude. 


PART V 


Contains the limits of the Time from Noon, at which the Observation ean be relied on. It is entered 
with the Declination at the top, (according as it is of the same or of contrary names to the Latitude), and 
the Latitude at the side, and the angle of meeting points out the time from Noon, at which the observation 
should be made, and it must not greatly exceed this time, especially near the Equator. And it will be per- 
ceived by this Part. that in low Latitudes the Observation must be made nearer to Noon than in high Lati- 
tudes. This table is, therefore, of the greatest utility in high Latitudes: and where, also, it is oftenest 
required, on account of the stormy weather which generally prevails there, when the Meridian Altitude can 
seldom be obtained. 

This method of finding the Latitude will, therefore, be found very useful when an Altitude can be 
obtained near Noon, (but which is generally considered by seamen as useless after their Meridian Altitude 
has been lost), and although a Ship at Sea is almost continually changing her time, if the time of the Observa- 
tion be noted by a good watch, which may have been regulated previously to Apparent Time at the Ship, then 
the difference of Longitude made in the interval since it was last regulated, turned into time, and subtracted 
from the time by watch, if the Ship has been sailing West, or added to it when sailing East, will give 
the Apparent Time of the Observation ; which, if before Noon, subtracted from 12 hours, will give the time 
from Noon, A. M.; otherwise it will be the time from Noon, P. M. (See Example 6, page 95.) Or the 
watch may be regulated by equal Altitudes near Noon, as in Example 5. 

But the most correct mode ; is, to find the Apparent Time at Ship from the Greenwich Time by Chronom- 
eter. The Ship’s Longitude being generally known within a few minutes of the truth, which turned into 
time and applied to the Greenwich Time, furnishes the Apparent Time of the Observation, as follows - 
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To Find the Latitude by one Altitude of the Sun, having the Apparent Time from Noon deduced from the 
Greenwich Time by Chronometer. 


RULE FOR FINDING THE TIME, 


Note the Time of the Observation by Chronometer, and find the Greenwich Time by applying its error. Turn 
the Ship’s Longitude in (at the time of the Observation) into Time, and subtract it from the Greenwich Time in 
West Longitude, or add it to the Greenwich Time in East Longitude, will give the Mean Time of the Observation 
at the Ship. To this Mean Time apply the Equation of Time the contrary. way to what is directed in the precept 
at the head of the column in the Nautical Almanac for Apparent Time, and the result is the Apparent Time of the 
Observation at the Ship, which, if before Noon, must be subtracted from 12h, (or from 24h if above 12h.) will give 
the time from Noon, A. M, otherwise it is the required Time from Noon, P. M. 


THE OBSERVATION. 


Observe an Altitude of the Sun near the limits of the time from Noon, given in Part 5th, Table XV, and note 
the Time by the Watch or Chronometer, and find the time from Noon as previously directed. Find the Latitude in 
by Dead Reckoning to the nearest half degree, and correct the Sun’s Declination to the time of the Observation as 
fea but to the nearest half degree is enough for the tables. 


RULE FOR USING TABLE XV. 


Enter Part 1st with the Time from Noon, and take out its Logarithm. 

Enter Part 2d when the Latitude and Declination are of the same name, or 

Enter Part 3d when they are of contrary names, and take out the Log. as explained in the preceding page. Add 
together these two Logarithms, and find their sum in Part 4th, against which will be found the Correction required 
in “Minutes, or Degrees and Minutes. and which must always be added to the Sun’s Observed Altitude, and the result is 
the Sun’s Meridian Altitude, or, what it would have been if observed on the Meridian at the place at which the observa- 
tion was made. 

The Latitude is now found in the usual manner, which will be that of the Ship at the time of the Observation, 
and may be brought up to Noon by applying the Difference of Latitude made in the interval. 


EXAMPLE 1, 


Feb. 25th, 1854, a Ship at Sea in Latitude by Dead 
Reckoning about 88° N., and Long. 76° 80’ W., by Chro., 
an Altitude of the Sun’s L. Limb + was observed to be 41° 
44'S. P. M., and the Greenwich Time by Chro. 5h 58m 
57sec. P. M. at Greenwich. Required the Latitude 
in. 

H. M. 
Green. Time by Chro. 5 53 i Deel. Feb. 25. 
Ln. 76° 80’ W.intime 5 6 O Corr. Table XL. 5 


Mean Time at Ship... 47 57 Corr. Deel...... 90'S. 
. Equa.of Time...Sub. 13 16 Equ.of T.,N. A. 13m 16s 
App. Time from Noon 34. 41 = Log. 7.757 Part 1st. 


Lat. 38° N., Decl. 9° §.. .. Log. 0.328 Part 3d. 


Corr. in Part 4th.... 0° 49! Log. 8.085 Table XV. 
8. 


Obs. Alt. L. Limb... 


Meridian Altitude... 42° 26’ 
Corr. Table LX...Add 1% | 


Sun’s Central Alt.... 42° 37’ 


Zenith Distanee...... 47° 23’ N. 
Correct Declination.. 9 


Latitude in.. . 38° 23’ N. at 35 min. past Noon. 
D. Lat. fantinta since oN. 5 to the Ncrthward. 


Latitude in........ 38° 18’ at Noon, 


.9° 5’ S. 


EXAMPLE 2. 


March 15th, 1854, a Ship at Sea, in Latitude 44° 30’ 
N., by Dead Reckoning, and Long. 60° 80’ W. by Chro,, 
the Sun’s observed Altitude was 42° 20’ Sy ASSL. The 
Greenwich Time by Chro. was 3h 31m 9see. P. M. The 
course to Noon was S. W. true, going 9 knots. Required 
the Latitude in at Noon. 


Hy MB, z 
Green. Time by Chro... 3 31 9 Decl., March 15.2° 9’ 8S. 
Add.12 0.0 Corr. T. XI. je hs 
For the purpose of Sub.15 81 9 Correct Deel.. m= 5 
Ln. 60° 80’ W.intime. 4 2 0 


Mean Time at Ship...11 29 9 Equa. Time N. A. 9m 9a, 


Equa. of Time.. Sub. 99 
App. Time at Ship...11 20 0 A.M. 

Sub. from.12 0 0 
Time from Noon..... 40 0 Log. 7.881 Part Ist. 
Lat. 44° 80’ N., Deel. 2° S. Log. 0.294 Part 3d. 
Corr, in Part 4th....... 0° 51’ Log. 8.175 Table XV 
Obs. Altitude L. Limb.. 42 20 S. 
Meridian Altitude. ..... 43° 11’ 
Corr. Table IX..... Add 11 
Sun’s Central Altitude. . 43° 22’ 


Sub. from 90° = Zen. Dist. 46° 38’ N. 
Correct Declination....... 2 5 S. 


Latitude in............. 44° 33’ N. at 40m before Noon. 
Course S. W. 6 m. gives D. Lat. 4 to the Southward. 


Latitude4n;.:+:s¢:sennenes ~ 44° 29’ N. at Noon. 


FINDING THE LATITUDE BY THE SUN. 
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FINDING THE LATITUDE OUT OF THE MERIDIAN. 


EXAMPLE 3. 


Oct. 20th 1854. In Latitude by Dead Reckoning about 
40° 0’ S., Long. by Chro. 62° E,, the Sun’s Obs. Alt. was 
69° 30/ N, P.M. The Gr eenwich Time by Chronometer 
was 19h. 58m. 54s. A.M. The Course since Noon was 


8.8. E, going 12 knots 
in at Noon. 


H. 

Green.Time by Chir. 19 
Lon, 62° E.in time.. 4 
at 

Subtract... .24 


Mn. Time at Ship.. ae 


Eq. of Time,. . Add.. 
Ap. Time from Noon. 


Lat.40° S. and Dee. 10° 


an hour. Required the Latitude 
M. 

58 5 Hee, Oot. 20. 910-207 8, 
S. GO. Con Ta XU Sub. 4 
6,54 Cor, Dec, .s.. 10° 16’ S. 
0 wa 


4 Equa, Time,N. A. 15’ 6” 
6 


ia 29m.0s.Log 7.862 Part Ist. 


Ss. Log 0.480 Part 2d. 


Cor. in Part 4th, Add 0° 24’ Log. 7 7.842 Table XV. 
0 OMS 59 30'N. 

Mer. Altitude.... 59° 54' N. 

Corr., Table [IX,Add 12 

True Altitude.... 60° 6’ N. 

Zenith Dist....... 29° 54’ S. 

Declination. ..... 10 16 S. 

Latitude in...... 40° 10'S. at 22’ past Noon. 


S.S.E. 4 m. —D.Lat. 
PREIDUIE ss. 5,c0cks a «5 


40° 


4 to the South’d since Noon. 
6’ S. at Noon. 


EXAMPLE. 5. 


June 22d, 1854. Ship near the Equator, equal Alti-» 


tudes were taken to correct the Watch. 


Altitude A.M. 66° 4’ N. Time by Watch....11b. 48m. 
gee ae OG 4 ~ ING do. do. ....12 18 
Watch is 3 min. fast of Apparent Time....... )24 6 
12h, 3m. 


Required the Latitude in at the time of the P.M. Altitude. 


Time by Watch, P.M.. 


. Ob. 18m. 


Watch fast of App. Time. 3 


App. Time from Noon .. 
Dees kat os a8 


Lat. 0° 0’, 
Corr. Part 4th, .. 


.Oh. 15m.Log 7.029 Part 1st. 
N; Log 0.673 Part 2d. 


= Log 7.702 Table XV. 


Obs. Altitude ....... 66 4 N. 
Merid. Altitude .... 66° 21’ N. 
Cor., Table LX, Add. 12 
True Altitude....... 66° 33’ N. 
Zenith Distance ..... 93° 27.8 
Declination......... 23°27. N 
Latitude. .... 0% 0 


Question 1st.—Dec. 11th, 1854. 


rs ee SES Sn ee ne an ee———e———————————eEeEeEEe———EE——————eE——E——E—E—E——————————————————————————— 


EXAMPLE 4. 


July 5th, 1854. In Lat. by Dead Reckoning about 50° 
S., and Long. 90° 386’ E.. by Chro,, the Sun’s Obs. Alt. 
was 15° 47’ N,, A.M. The Greaniwieh Tine by Cro. was 
17h. 1m. 47s. AM. The Course to Noon was N.E. , going 
10 knots an hour. ee the Latitude at Neon: 


Green. ’e by Chr, 17 147 Dee, July 5..., 22° 49" N. 
Lon.90° 86’ E.in time, 6 2 £ 24 Cor., Ta.X1, Add 2 
M.T’e at Ship,A.M. 22411] Cor. Dee. ...... 22° 51 N. 
Equa. of time.Sub. 411 

Sub, fr.24h—Ap.T. 230 0 Equa, N.A..... 4’ 11” 
Ap. T.fm Noon..  1h.0m.0s. Log 8.231 Part Ist. 


Lut. 50° S., and Dee. 23° N, 
Cor., Part 4th,. Add 1° 13’—= 
Obs. Altitude.... 15 47’ N, 
Mer. Altitude.... 17° 0’ N. 
Corr, Table IX, Add 9 
True Altitude... 17° 9 


9 N. 
Zenith Distance... 72° 51'S. 
Declination. ..... 


22 2251 N. 
Latitude. ...50° 0’ S. at 11 o'clock A. M. 
Co. N.E. 10 m—D. Lat. 7 to the Northward. 


Latitude. ...49° 53’ S. at Noon. 


Log 0.093 Part 3d. 
Log 8.824 Table XV. 


EXAMPLE 6. 


Nov. 15th, 1854. In Latitude about 56° 5’ N., Long. 
15° W,, an Altitude of the Sun was observed in the after- 
noon to be 14° 7’ S. Time shown by the watch, 1h.8m.46s., 
which had been regulated in the morning, since which 
time the Ship had made 64’ of Longitude to the West- 
ward. Required the Latitude in at the time of the Alti- 
tude. 


Time of Alt. by Watch...... 1h.-8m. 46s. 


* D. Lon. ma. 64’ W.in time, Sub. 4 = 16 

App. Time at Ship, P. M.... Th, 4m. 30s.Log. 8.294 
Lat. 56° N., and Dee. 2184.8. 2.2.2... Log. 0.042 
Corr.in Part 4th.. Add 1° id’ = Log, 8.336 
Obs. Altitude ....... 14 7S. Table XV. 
Merid. Altitude ..... 15° 21' S. Dee... ..18° 30’ S. 
Corr., Table IX... Add 8 Corr...Add 1 
True Altitude....... 15° 29’ S. Cor. Dee.18° 31 S. 
Zenith Distance ..... 14° 31'N 

Declination ......... 18 31 § 


Latitude in....56° 0’ N. at lh.4m. P.M 


QUESTIONS FOR EXERCISE. 


The Latitude by Dead Reckoning was about 50° 0’ N., 


and the Longi- 


tude by Chronometer 41° 20! W. An Altitude of the Sun was observed in the forenoon to be 15° 28’ a 


and the time by ChronometerJ3h. 40m. 6s. P. M., which was fast of Greenwich 3m. 20s. 
Noon was S. by W., going 8 knots. 


Ques. 2d.— August 27th. The Latitude by Dead Reckoning was 34 


The Course ahi 


Required the Latitude at the time of the Altitude and at Noon. 
Answer.—Latitude at 10h. 58m., or time of Altitude, was 50° 4’ N., 


and at Noon, 49° 56’ N. 


° 30’ N., and Long. 75° W. An 


Altitude of the Sun was observed to be 63° 59’ S. at 20 minutes past N oon, apparent time at the place 


Ship running to the Northward, going 9 knots. 


Required the Latitude as before. 


Ans.—Latitude at 20 minutes past Noon was 35° 27' N. Latitude at Noon, 35° 24’ N. 


* When the Difference of Longitude made in time is East, it must be added to the Time by Watch. 
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TO FIND THE LATITUDE BY TWO ALTITUDES OF THE SUN, (USUALLY CALLED 
DOUBLE ALTITUDES,) 


Having the Measured Interval of Time between the Observations by the Watch. 


This method will be found more simple and useful than the old and tedious methods of Double Altitudes 
usually given in works of this kind, many cases. of which are of very doubtful utility, besides the time 
spent in working them out. ; : | 

The principle of this method is simply to find the Sun’s Hour Angle at the time the Altitude was 
observed, which was farthest from the Meridian, and to measure the interval of time elapsed between it 
and another Altitude observed near the Meridian, by a good Watch or Chronometer. This interval of 
time being then corrected for the Ship’s change of Longitude in time, and applied to the Outer Hour Angle, 
the difference between them is the Inner Hour Angle, and which is the Apparent Time from Noon. The 
observation then becomes the same as if only one Altitude had been observed, and the limits are the same 
as in the last case. “ : 

The Time so found is only an approximation, because the- Latitude is not known, but it is near enough 
for this purpose. And as every Navigator, now-a-days, is supposed to know how to find the time at Sea, 
nothing new is required to be learned. The Rule for finding the time at Sea is given at page 124. 


When both Altitudes are Observed in the Forenoon. 
RULE. 


When the Sun is at a proper distance from the Meridian, or on the Prime Vertical, that is, when he bears nearly 
true East or West, take an Altitude, and note the time by a good-going Watch, or the Chronometer. Take another 
Altitude nearer Noon, about the limits given in Part 5th, Table XV, and note the time by the same Watch, and 
find the Interval of Time elapsed between the observations. 


Correct the lesser Altitude by Table IX. Compute the Latitude in by the Dead Reckoning at the time 
the lesser Altitude was observed, and also the Sun’s Declination, and find his Polar Distance. Then, with 
the true Altitude, Latitude, and Polar Distance, find the Sun’s Outer Hour Angle. If the Ship has been 
stationary during the Interval, or been sailing due North or South, no correction of the Interval is neces- 
sary. But if she has made Easting or Westing, then find the Departure the Ship has made in the Interval, 
from her true Course and Distance made good, and the corresponding Difference of Longitude. Turn this 
Difference of Longitude made into Time, by Table XXVI, and add it to the Interval if the Ship has been 
sailing East, or subtract it from the Interval if she has been sailing West, will give the correct Interval of 
Time between the observations; then the Difference between this corrected Interval, and the Sun’s Outer 
Hour Angle, will give the Inner Hour Angle, at the time the greater Altitude was observed, and the 
result is the Apparent Time from Noon. The Latitude is thence found in exactly the same manner as if 
only one Altitude had been observed near Noon. 


When the Lesser Altitude is Observed Before and the Greater Altitude in the Afternoon. - 


The Interval is found in the same manner, and the Outer Hour Angle subtracted from it, gives the Inner 
Hour Angle, which will be the Apparent Time past Noon at the Ship. 


When Both Altitudes are Observed in the Afternoon.* 


Take an Altitude near Noon, about the limits in Part 5th, Table XV, and another when the Sun is at a 


Distance from the Meridian, and find his Hour Angle as before, from which subtract the Interval, will give 
the Inner Hour. Angle past Noon. 


When the Lesser Altitude is Observed After Noon, and the Greater Altitude Before Noon.* 


The Interval is found in the same manner, and the Outer Hour Angle subtracted from it, gives the Inner 
Hour Angle, which will be the Apparent Time from Noon, A. M., at the Ship. g 

Hence it is easy to ascertain at once whether the observations have been made on the amie or oh OBA 
sides of the Meridian, by comparing the Outer Hour Angle with the Interval of time between the obser- 
vations. If the Interval be less, they must have been taken on the same side, that is, both in the fore- 


noon, or both in the afternoon. If greater, they must have been taken on opposite sides of the Meridian, that 
is, one Altitude has been taken in the forenoon and the other in the afternoon. 


* When both Altitudes are observed in the Afternoon, or the Greater Altitude before Noon, and the Lesser Alti- 
tude after Noon, the difference of Long. in time made in the interval, should be added to the interval, if the course 
has been Westerly, or subtracted from the interval, if the course has been Easterly. 
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Examples of Finding the Latitude by two Altitudes of the Sun, 
(Usually called Double Altitudes.) 


EXAMPLE 1. 


_ April Ist, 1854, the Latitude in was 36° 48’ N., and the Long. 60° W. by Dead Reckoning. In the morning, at Th 

28m per Watch, the Sun’s Observed Altitude was 20° 10’. Ship then sailed on a True S. ‘E. course, going 9 knots 
an hour, until 11h 30m per Watch, when another Altitude of the Sun was observed to be 57° 28'S. Required the 
Latitude of the Ship at the time of the last Altitude, and at Noon. 


° H. M. 
Observed Altitude L. Limb 20 10 Time of Lesser Altitude 7 28 Deel. in Table X....... 4°32'N. 
Corr. Table IX........Add 9 Time of Greater Alt.... 11 30 Cor. Ln. 60° W,, T. XI, Add 4 
rio Flite ate vic 0G. 0's 20 19 Interval of T. by watch. 4 2 Corr. Decl. Noon....... 
Latitude... ............ 36 48 Log. 0.09651 Rate of Sailing........ 9 k’s Cor, 4h 82’ before N. Sub. 4 
P, Distance. ............+. 85 28 Log. 0.00186 Distance Suiled........ 36 m. Corr. Decl. at 7h 28m... 4 32 N. 
LORS og Se 142 35 90 0 
4 OTC 2 Ey ee ib p18 Log, 4.50598 , Polar Distanee.......... 85°28" 
fe eter LT A006 (Spell i pg eo onl 
IO a ou. ao asks avin 50 59 Log. 4.89040 Course S. E. 36 m., Dep. 25.5, D. Long. 32’ in time.0h 2m 8s Add. 
Outer Hour Angle..... 4h 31m 41s = 9.49425 Interval of Time by Watch...............0e0e- 42 0 ; 
Correct Interval....... 4 4 8 Correct tuterval of Time... 5... cc be beeatet 4h 4m 8s 
Inner H. Angle, A. M.. 27m 33s Log. 7.555 Part 1st 
Lat. 364° N., Decl. 44° N.......% Log. 0.481 Part 2d. 
Corr. in Part 4th.....Add 0° 87’= Log. 8.036 Table XV. 
Greater Altitude......... 57 28 ; 
Meridian Altitude....... 58° 5S. Course §. E., Dist. in 27 min. 4 miles gives D. Lat. to Noon 0° 8’ S, 
Gorn ‘Fable:IX.....2.. a} Latitude at.27m, before Noohous. .. .. ss cue 36 20 N. 
True Central Altitude... 58° 16'S. Tatiinde 2taNoon,...... :Gipmmast.s <<. see se dae BO EE 
From 90° Zen. Dist..... 31° 44’ N. 
Corr. Deels Nooni,%..... 94.86, N. The Watch in this case was 2m 27s fast at time of Greater Altitude. 


Latitude............... 36° 20’ N. at 27 minutes before Noon. 


EXAMPLE 2. 


_ 15th March, 1854, In Latitude 44° 42’ N,, and Long. 50° W. by Dead Reckoning. In the morning at 9h 10m per 
Watch, the Sun’s Observed Altitude was 25° 8’. Ship then sailed on a True W.S. W. course, going 8 knots an 
hour, until 1h 11m, per Watch, in the afternoon, when the Sun’s Observed Altitude was 42° 30'S. Required the 
Latitude in at the time of the P. M. Altitude, and also at Noon. 


i H. M. _ 
Observed Altitude L. Limb 25 8 ~ Time of Lesser Altitude 910 Decl. in Table X........ 2°98, 
Corr: Table IX........Add ‘-. 10 Time of Greater Alt. 1h 13 11 Corr. Lon. 50° W.., .Sub. 3 
True Altitude. .........+ 25:18 ° 1lm add 12h=—...... Dechat Noon.......... 2 0 
Latitude.......... ere a 44 42 Log. 014825 Intervalof T. by watch.. 4 1 Corr.3h before Noon Add. 38 
Polar Distance............ 92 9 Log. 0.00031 Rate of Sailing........ _ 8 Ks. Decl. at 9h A. M........ 2 9 
RE itoitt sia nas 0 <td. 0% 2 in 162 9 Distance sailed......... 32m. er 90 0 
BESTE CORY ee to a nls's ney. Wee's 81 5 Log, 4.19088 Polar Distance......... 92° 9! 
Altitude. ......+.-+e++. 25 18 4 
Difference, ......+:.+++++ 55 47 Log, 4.91746 _ ee coe vant 32 miles == t on 2m 52s Sub 
Outer Hour Angle..... 3h 21m 6s = 9.25635 ep. 80 = D. Lon. in time. 
Correct Interval. ....»% 8 56-8 Interval of Time by watch....4 1 0 
Inner Hour Angle..... 37m 2s Log. 7.813 Part Ist. Correct Interval of Time.....3h 58m 8s 
Latitude 444° N. Decl. 2° S........ Log. 0.293 Part 3d. 


Corr. Part 4th........Add 0° 44’ Log. 8.106 Table XV. 
Greater Altitude.......... 42 380 


Meridian Altitude........ 48° 14'S Course W. S. W. 5 miles since Noon D. Lat. 0° 2’ 
Corr. Table IX....... Add 11 Latitude at 37m past Noon.............. 44 30 
True Central Altitude. .... 48° 25’ S, Datitude in at NoonJjsowede. sce es ce ve 44 89) N. 


Sub. from 90° Zenith Dist.. 46° 36’ N. 
Decl. Noon 2° 6’, Corr. for 2 BR . 
arn SsuD. Legaesd sae * The Watch in this case was 33m 58s fast at the time of the Greater Altitude. 


Latitude..............-.. 44° 80’ N. at 37 minutes past Noon. 


Nore. In the 1st Example, 10 miles of an error in the Latitude, in working the Hour Angle, would produce an error 
in the time of about 9 seconds, and which does not affect the Corr. for Altitude. 
‘In the 2d Example, 10 miles of an error in the Latitude, in working the Hour Angle, would produce an error of 45 
seconds in the time from Noon, and an error of only 1’ 80” in the Correction for Altitude. 
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FINDING THE LATITUDE BY TWO ALTITUDES OF THE SUN, 
(Usually called Double Altitudes.) 


EXAMPLE 38. 


Nov. 30th, 1854, Ship off Cape Horn, in Latitude 56° S., Long. 80° W., by the Dead Reckoning. In the after- 
noon, at Oh 36m 52s, per Watch, the Observed Altitude of the Sun was 54° 49' N: Ship then sailed on a True N, 
W. by W. Course, going 10 knots an hour, until 4h 47m 41 see., by the same Watch, when the Sun’s Observed Alti- 
tude was 26° 38’. Required the Latitude at the time of the Greater Altitude, and at Noon. 


H. M. S. 


Lesser Altitude Observed.. 26 38. Time of Lesser Alt. 4417 41 Sun’s Decl. Nov. 30,...... 21 40 8. 

Corr. Table IX........Add 10 by Wateby? 7. Cor. Ln. 80° W. Tab. XT Add 2 

True Altitude. .........6. 26 48 Time of Greater Alt. 0 386 52 Decl. at Noon............ 21428. 

Latitude by Dead Reck.... 55 88 Log. 0.24835 Interval Time by W. 4 10 49 Cor. for 4h47m past Noon Add 2 

Polar Distance. .... 68 16 Log. 0.03202 gay. ......... ..... 4+ hours Decl. Time of Lesser Alt.. 21 44 S. 

TEL) ao ae Sd a 150 42 Rate of Sailing...... 10 knots_ 90 0 

a Samy sce... oie's sete ae 75 21 Log. 4.40297 Distance Sailed... .42 miles. Polar Distance........... 68°16’ 

Difference.>.....\.7:\ «ss amen 48 33 Log. 4.87479 

Outer Hour Angle... ....4h 55m 41s = 9.55813 Course N. W. by W. 42-miles). |. 

Correct Interval.........4 15 1 Dep. 35 = D. Lon} sn '63 77 time. Add Oh. 4m'12s 

Time past Noon........ 40m 40s Log. 7.895 Part Ist. Interval of Time by Watch. ........-. -++ 4 10 49 

Lat. 56°. S., Decl. 22° 8............ Log. 0.268 Part 2d. Correct Interval of, Time... ... 6.044000 4hl5m Ils 

Corr. Part 4th.....Add 0° 50’== Log. 8163 Zable XV. 

Greater Alt. Observed.. 54 49 

Merid Ale283 9? saan 55° 39’ N. Course N. W. by W. 7 miles, since Noon, gives = D. Lat. 0° 4’ 

Corr, Table LX... ...Add 11 4. + Latitude.in at 41in past Noon. 2. 3... ..c5. sa slespes seme 55° 52 S. 

True Altitude.......... 55° 50’ N. Latitude inat Noonsaganee site fou. =) Seen 55° 56'S 

Zenith Distanee......... 384° 10’ S. And the Watch in this case was 3m 48s slow, at the time of the Greater Alt. 
* Declint Noo, 0. 2eeeee 21.42 8. 

Iutifude.......5 .. ee. 55° 52'S. at Oh 41m past Noon. y 


EXAMPLE 4 


August 10th, 1854, Ship off the Cape of Good Hope, in Latitude 88° 20’ S, and Long. 20° 10’ E. by the Dead 
Reckoning. At 11h 28m in the forenoon, the Sun’s Observed Altitude was 35° 2’ N. Ship then sailed due East, 
going 8 knots, until 4h 21m 29s in the afternoon, when the Sun’s Observed Altitude was 10° 8’. Required the 
Latitude in at the time of the A. M. Altitude, and also at Noon. 


% H. M. 8. ; 
Lesser Altitude Observed... 10 8 lime of Lesser Alt. 1198 0 Deel. .Aug.l0th.. ¢.. ck 1.88 si N. 
Corr. Table IX........ Add 7 by Watch........ ‘ Corr, 20° E. Long....Add 1 
True Altitude............. 10 15 Time of Great Alt. (44 9) 99 Declination Noon........ 15 88 
Lat. Dead Reckoning..... 88 20 Log. 0.10545 4h 21m 29s add 12h ) + Gorrrtor.4hitiem, 2... Sub. 3 
Polar Distance .......... 105 35 Log. 0.01627 Interval Time by W. 4 53 29 Decl. Time of Lesser Alt.. 15 35 
BOE eos bess ssuld w ook Cen 154 10 SAYA, chrids otis ae 5 hours. 90 O 
Bron, to. ss. 2s. cccene 77 5 Log. 4.34934 Rate of Sailing..... 8 Polar Distance.......... 105°35’ 
PeMSUS. bee sue pes ck 10 15 * Distance sailed..... 40 miles. 
Duprerences tS... sien bis 66 50 Log. 4.96349 Course True East 40 miles D. Lon. 51’ in time 0h 8m 24s Sub, 
Outer Hour Angle..... 4h 11m 293 = 9.43455 Interval of Time by Watch..............208: a .568 29 
Correct Interval....... 4 50 65 Correct Interval of Time........... bah thes ah 4h 50m 5s 
Time before Noon..... 38m 36s Log. 7.851 Part Ist 
Lat. 884 S., Decl. 154 N.........0. Log. 0.271 Part 3d t Table XV. 
Corr. Part 4th........ Add 0° 46’ Log. 8.122 
Greater Altitude Observed. 35 ae Ship’s Course having been due East, she is on the same Parallel 
Meridian Altitude......... 35° 48’N. of Latitude at Noon, 38° 20’. 
Corr. Table IX.......Add 11 
TYUGHAIGIOGBEEG Ss ss. 6s 35° 59’ N . 
Zenith Distance........... 54° 11'S. In this case the Watch was 6m 36s fast at the time of the Greater Altitude. 
Decl, Noon. seesaan >>») 15 38 N. * 
Latitude, .\. 225 siti aie,nie 38° 23’ S. at 11h 21m 24s in the forenoon. 


Nore.—In Tete 3d, the Lesser Altitude having been observed on the Prime Vertical, an error in the Latitude 
does not affect the Hour Angle. 

In Example 4th, an error of 10’ in the Latitude would produce an error of 29 sec, in working the Hour Angle, but 
which has little or no effect on the correction for Altitude, ul 
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FINDING THE LATITUDE BY TWO ALTITUDES OF THE SUN. 


QUESTIONS FOR EXERCISE. 


Question 1st.—October 20th, 1854. Ship becalmed in Latitude 50° 9’ N., and Longitude 30° W., by 
‘Dead Reekoning. In the afternoon at Oh. 34m., per watch, the Sun’s observed Altitude, Lower Limb, was 
29° 5’ S., and at 2h. 46m. it was 19° 54’. Required the time from Noon, when the greater Altitude was 
observed, and the Latitude in. 

hair —The time from Noon, when the greater Altitude was observed, is 0h. 29m. 19s., and the 
Latitude 1 in at that time was 50° 3’ N. 


Ques. ie February 25th, 1854. In Latitude 51° 2’ N., Longitude 45° W., by Dead Reckoning. In the 
afie noon, at Oh. 33m., the Altitude of the Sun’s Lower Limb was 28° 53’S. Ship then sailed to the East- 
ward 20 miles, and at 2h. 43m. P. M., it was 19° 44’. Required the error of the Watch, and the Latitude 
at the time of the greater Altitude. 

Ans.—The time from Noon, when the greater Altitude was observed. was 0h. 40m. 11s. Watch was 
vm. 11s. slow, and the Latitude in 51° 17’ N,. 


Ques. 3d.—January 6th, 1854. In Latitude 58° 25’ S., and Longitude 138° E., (at Noon, by Dead Reck- 
oning.) At 11h. 2m., A. M., per watch, the Altitude of the Sun’s Lower Limb was 52° 13‘ N. Ship then 
sailed on a S. S. W. + W. Course, (true,) going 8 knots an hour until 4h. 50m. P.M., when his Altitude 
was 28° 10’. Required the correct time from Noon, when the greater Altitude was observed, the Latitude 
in at that time, and the Latitude at Noon, brought on by the Dead Reckoning. 

Ans.—The time from Noon, when the sreater Altitude was observed, was lh. 1m. 36s. A. M. Latitude 
in at that time 58° 30'S. The Difference of Latitude made to Noon was 7’ S., and the Latitude in at Noon 
was 58° 37'S. (In this case, at the time of the lesser Altitude, the Sun was on the Prime Vertical.) 


Ques. 4th —August 30th, 1854. In Latitude 12° 43’ S., and Longitude 93° W., Dead Reckoning, at 11h. 
45m. 12s., A. M., the observed Altitude of the Sun’s Lower Limb was 67° 44’ N. ‘Ship sailed S. W. by W,, 
‘going 4 knots an hour, until 1h. 15m. 12s., P. M., (both times being noted by the same watch,) when the 
Altitude was 62° 0’. Required the time from Noon, when the greater Altitude was observed, and the 
Latitude in. 

Ans.—The time from Noon was Oh. 20m. 22s., A. M., and the Latitude observed at that time was 
12° 32'S. 


Notr.—In Low Latitudes, the Lesser Altitude may be taken much nearer to Noon than in High Latitudes; because 
there the Sun’s motion is much quicker, and the ‘Time is more correctly found in Low Latitudes; but in all ‘cases the 
Greater Altitude should be observed as near to Noon as the limits required i in Part 5th, Table XV. 


Should there happen to be a very great difference between the Latitude so found, and that by the Dead 
Reckoning at the time of the greater Altitude, the Latitude used in finding the Outer Hour Angle must be 
corrected accordingly, and the case worked over again, and the Inner Hour Angle found anew, which will 
give the correct Latitude. 

In the above Examples the height of the eye is taken at 16 or 18 feet above the Sea level. 
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TO FIND THE LATITUDE FROM THE SUN’S CHANGE OF » UTITUDE. 


This Table contains the Sun’s Change of Altitude in One Minute of Time for every Degree of Latitude, 
When on the Prime Vertical. 


Tat Cans] Lat] crate [lt orale (#4) or ate || orale, (LY) ot ale [L2] of ate [ES] tae [E8| ot ate, 
° 7] di ° / 4] ° ‘ di ° / di ° / fi ° / di ° d 4d fe / m4 ° / ‘i 
i} 15. Of 12] 14.44) 23) 14. ‘Gf 3a] 12.82) 41] 11.20) 51] 9.27 61] 7.16) 71! 4.58] 81) 2.28 
of 15. of 12] 14.41] 29] 13.54] 32! 12.44l| 49] 11.10] 52} 9.15] 62! 7. 2| 72) 4.38] 82. 2. 6 
3] 14.58] 13| 14.37 231 13.48] 33] 12 35] 43! 10.59] 531 9. 2i) 63| 6.48] 73] 4.23] g3/ 1.50 
4| 14.58] 14] 14.84] 24) 13.42] 34| 12.96] 44] 10.48] 54! 8.49|| 64] 6.341 74] 4. 81 84] 1.34 
5| 14.57] 15| 14.30] 26, 13.36| 35] 12.17|| 45] 10.37) 55] 8.36] 65| 6.20) 75| 3.53] 85| 1.18 
6| 14.56| 16| 14.26] 26] 13.29] 36] 12. sl] 46] 10.26] 56] §.23] 66| 6. 6/ 76] 3.38] 86, 1. 2 
u| 14.54] 17] 14.21] 27] 18.29] 87/ 11.59), 47| 10.15] 57}. 8.10] 67| 5.52] 77] 8.231 87| 0.46 
s| 14.51] 18] 14.16] 28] 13.15] 38| 11.50/) 48] 10. 3] 58] 7.57/| 68] 5.38] 78} 3. 8i 88} 0.30 
9} 14.49] 19] 14.11] 29] 13. 8] 39] 11.40] 49] 9.51] 59] 7.44] 69] 5.24] 79] 2.52]| 891 0.15 
10| 14.46] 20] 14. 6] 30] 13. of 40] 11.30]] 50| 9.39] 60! 7.30l| 701 5. 9] 80] 2.36ll 901 0. 0 


When the Sun, or any other heavenly body. is on the Prime Vertical, that is, when it bears true East or 
West, its change of Altitudeis then greatest. If its change of Altitude in one minute of time be then 
measured with a Sextant, to the nearest second, the Latitude corresponding to it will be found in the above 
Table. This method depends entirely upon the accuracy with which the change of Altitude is measured, 
and cannot be much depended on, even in High Latitudes, where the change of Altitude in one minute of 
time, between any two degrees, differ the most. 

It is merely given here to illustrate the subject. The Table itself, however, will be found useful when 
we want to know the change of Altitude of any heavenly body when bearing East or West ; for instance, 
in observing Altitudes for Time, it may be used as a check on the difference of the observed Altitudes in a 
given time, and which should agree with the change of Altitude in one minute of time given in the above 
Table, according to the Latitude of the place of observation. . 

But as the heavenly bodies only pass the Prime Vertical above the horizon when the Latitude of the 
place and the Declination of the body are of the same name, (as in the case of the Sun in the Summer time,) 
the change of Altitude will be slower when they are of contrary names, and in this case the quickest 
change will take place when the Altitude is from 5° to 10° above the horizon, but there are always some 
one or other of the heavenly bodies on the Prime Vertical. which may be observed. 


To find the Latitude from the Change of the Sun’s Altitude in One Minute of Time. 


RULE, 


Observe with a Sextant an Altitude of the Sun, when he bears true East or West, and note the full minute by the 
“Watch. Three minutes afterwards, observe another Altitude, at that exact time Divide the Difference of the 
‘Observed Altitudes by the number of minutes elapsed, will give the Change of Altitude in 1 minnte of time, with 

which enter the above Table, opposite to which will stand the Latitude required. 


EXAMPLE 1, 


The Sun’s Change of Altitude in 1 minute, and his 
bearing East (passing the Meridian to the Southward) 
given. But neither the Declination nor the Latitude 
by account known. Required the Latitude in. 


“T. by Watch.. 5h.20m. Ist Alt..14° 17°03 
do. do... <'. Bien 2d Alt..14 52 10 


—— oe 


5 ae )34’ 80” Diff of Alt. 


“Sun’s Change of Alt. in 1 minute. — 11’ 30” 
‘Which corresponds to Lat.. 40° 0’ N. in the Table. 


EXAMPLE 2. 


Required to find the Latitude by the Sun’s Change of 
Altitude in 1 minute of time, when on the Prime Ver- 
tical, having passed the Meridian to the North of the 
Observer. 

T. by Watch.. 5h4m. Ist Alt..21° 6’ 20’ 
do. Hors. 5 2d Alt..20 37 23 
8m. ....2-+.0- )28' 57” Diff. of Alt. 
Sun’s Change of Alt. in 1 minute. 9’ 39”. 
Which corresponds to Lat. .50° 0’ S. in the Table. 


\ 


oo 
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The Latitude may be found from the Meridian Altitude of the Moon, upon the same principle as that by 
the Sun. But as the Moon’s Declination changes very rapidly, we must know the exact Greenwich date 
at which the Observation is made, in order to correct her Declination to that date. 

The Moon’s Declination is given in the large Nautical Almanacs for every hour of the day at Greenwich, 
and her change of Declination in seconds for every 10 minutes between the hours, so that the Correction 
can easily be computed. 

In the small Almanacs, it is only given for every Noon and Midnight at Greenwich, and we take the 
proportional part of her change in Declination. corresponding to the hours and minutes past the nearest 
Noon or Midnight, or enter Table XXIII with the Diff. in 12h at the side, and the time past Noon or Mid- 
night at the top, and take out the Correction. 

But if the Longitude of the Ship be not known, the correct Declination cannot be computed, consequently 
the Latitude cannot be found by the Moon. 

Ships, however, which carry good Chronometers, have their Longitude always tolerably correct ; hence, 
the Latitude found by the Moon, in that case, can be depended on, and is sufficiently near the truth for all 
practical purposes. 

The Moon being nearer the Earth than any other heavenly body, her place in the heavens is greatly 
affected by Parallax ; that is, she always appears below her true place in the heavens, by the amount of 
her Parallax in Altitude. This Correction is given in Table XXV, (and which includes the correction for 
the Refraction of the Atmosphere), and is always additive to the Apparent Altitude. 

The Moon’s Semi-diameter and Horizontal Parallax is given in the Nautical Almanac for every Noon 
and Midnight at Greenwich, and are generally taken out for the nearest Noon or Midnight corresponding 
to the Greenwich date of the Observation. 

When the Moon is in the Zenith, she is nearer to the observer than when in the Horizon, by the amount 
of the Earth’s Semi-diameter ; hence, her Diameter is augmented, or appears 16” larger than when in the 
Horizon, This Correction is given in Table VII, but is seldom used in the practice of finding the Latitude 
at Sea. 

The first thing required to be done is to find at what time the Moon passes the Meridian of Greenwich, 
in the Nautical Almanac, on the day before the Sea Date, and correct it to the time she passes the Merid- 
ian of the Ship ; because, as the Moon is constantly advancing to the Eastward in the Heavens, she will 
pass any Meridian to the Eastward of Greenwich sooner in the day, or a Meridian to the Westward later 
in the day, by a certain number of minutes. Therefore, in West Longitude we take out the Meridian 
passage on that and the following day, but in East Longitude, on that and the preceding day, and take 
their difference, which is the daily variation of the Moon’s passing the Meridian. Enter Table XXII with 
the daily variation at the top, and the Longitude of the Ship in the side column, and at the angle of meet- 
ing will be the number of minutes required, which must be added to the time of her Meridian passage on 
the day before ihe Sea Date, if the Longitude be West. or subtracted, if East, will give the Mean Time of 
her passing the Meridian of the Ship. 

This correction may also be found by adding 2 minutes of time for every 15° of Longitude which the 
Ship is to the Westward of Greenwich, to the Mean Time of her passing the Meridian of Greenwich (by the 
Nautical Almanac), or subtracting the same when the Longitude is East, will give the Mean Time of her 
passage at the Ship. ; 

Here it may be remarked, that as the Watch is generally regulated to Apparent Time at Ship, and is 
referred to in ascertaining the time to begin the observation, these two times may differ as much as 16 
minutes sometimes, and the observation is frequently lost; that is, the Moon has passed the Meridian 
before the observation has been begun. ‘To prevent this happening, take out the Equation of Time given 
in the Nautical Almanac, and apply it to the Mean Time of passing the Meridian at the Ship the contrary 
way to what is directed in the precept at the head of the column for Apparent Time, and the result is the 
Apparent Time of her passing the Meridian at the Ship. Then if the Watch be regulated to Apparent 
Time at the Ship, it will show the exact time at which the Moon will pass the Meridian, because all the 
heavenly bodies pass the Meridian at Apparent Time. 


Having thus found the Mean Time of the Moon’s Meridian passage at the Ship, as directed above: 


2. To Find the Greenwich Date. 


Turn the Ship’s Longitude into Time by Table XXVI, and add it to the above time, if the Longitude be 
West, or subtract it if the Longitude be East. The Sum or Difference will be the time at Greenwich 
(usually called the Greenwich Date) when the Moon passes the Meridian of the Ship. But should the 
sum exceed 24 hours, subtract 24 hours from it, and add one day to the Greenwich Date. On the other 
hand, when the Longitude is subtractive, and greater than the time of Passing the Meridian, add 24 hours 
to the latter, for the purpose of subtraction, and take one day from the Greenwich Date. 


3. To Correct the Semi-diameter and Horizontal Parallax 


From the Nautical Almanac take out the Moon’s Semi-diameter and Horizontal Parallax for the nearest 
Noon or Midnight corresponding to this Greenwich Date, and correct them if required by Table XXIV, 
and to the Moon’s Semi-diameter add her augmentation found in Table VII. (But this is seldom 
necessary.) 

4, To Find the Apparent Altitude. 


Add the Difference between the Moon's Semi-diameter and the Dip of the Horizon found in Table V to 
the Observed Altitude of her Lower Limb, or subtract their Sum if the Upper Limb be observed, will give 
the Moon’s Apparent Central Altitude. (See remarks on taking Altitudes at page 71.) 
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5. To Find the Moon’s True Altitude. . 


Enter Table XXV with the Moon’s Horizontal Parallax at the top, and her Apparent Altitude at the 
side, and take out the Correction for her Parallax in Altitude, and which is always additive to her Apparent 


Altitude. 


6. To Correct the Declination by the Large Nautical Almanac. 


To correct the Moon’s Declination, taken from the large Nautical Almanac, take out the Declination for 
the day and hour corresponding to the Greenwich Date. And when there are odd minutes, take out the 
Diff. of Declination in 10 minutes, found in the side column opposite, and which is expressed in seconds 
and hundred parts of a second ; and when the hundredths are more than 50, call the seconds one more, 
but. if less, throw them away. Multiply the seconds by the odd minutes, and strike off the right hand 
figure ; then divide by 60, will give the Correction in minutes and seconds. If the Declination is increasing, 
add this Correction, but if it be deereasing, subtract it. 


7. To Correct the Declination by the Small Nautical Almanac. 


To Correct the Moon’s Declination taken from the small Nautical Almanac, take out the Declination for 
the nearest Noon or Midnight, if the Greenwich Date be exactly at Noon or Midnight; but if not, take it 
out for the nearest Noon or Midnight preceding, and the nearest Noon or Midnight following, the Green- 
wich Date, and take their difference, which will be that for 12 hours. 

Enter Table XXIII with the difference for 12 hours at the side, and the hour from Noon or Midnight at 
the top, and take out the Correction. If there are odd minutes, enter the right hand side of the table with 
the odd minutes at the top and the difference for 12 hours at the side, aud take out the Correetion. Add 
the Sum of these Corrections to the Declination at the preeeding Noon or Midnight, if the Declination i 
increasing, but subtraet it if decreasing, will give the Moon’s correct Declination at the time of the obser 
vation. 

But when the Deelination, taken from the Nautical Almanae, for the preceding Hour or the Noon or Mid- 
night, is decreasing, and the correction subtractive exeeeds it, the difference is the Deelination of a contrary 
name. 


8. To Find the Latitude. 


Thus having the Moon’s Correct Altitude, and her Correct Declination, the Latitude is found by the 
same rule as for the Sun’s Meridian Altitude. That is: Subtract the True Altitude from 90°, will give 
the Zenith Distance of a contrary name to the Moon’s Bearing. Place the Correct Declination under it. 
Then if they are both North or both South, their Sum is the Latitude of that name; but if one be North 
and the other South, their difference is the Latitude of the same name as the greater of the two. 


EXAMPLE 1, 


July 12th, 1854, Sea Time, in the Longitude of 75° W., the Meridian Altitude of the Moon’s Lower Limb was 
observed to be 40° 35'S. Height of the eye 18 feet. Required the Latitude of the Ship. 


July 12th is July 11th, Astronomical Time. Mean Time of Mer. Pass, at Ship... .14h 10m 
Moon's Mer. Passage, July 11th,.......... 13h 58m Equa. of Time N, A. applied con. way Sub, 5 
Qn the following day, July 12th aks tices isp 14 56 App. Time by Watch of Merid. Pass..14h 5m 
Long. 75° W., and daily variation.......... 58m in Table XXIL Or at 2b 5m in the morning. 
Gives the Correction to be added......... Oh 12m : ree. ; nin 
To the Meridian Passage, July 11lth.......13 58 Moon's Hor. Parl. at Mid. July 11th. ...60’ 9 
Mean Time of the Mer. Passage at Ship...14h 10m Observed Altitude Moon’s L. Limb 40° 35’ &. 
onmaereyein time..........:....,.Add 6, 0 Semid. at Midnight 16’) 4 44 pig 12 
: Dip of the Horizon 4’ = 
Greenwich Date, July 11th... 2.0 2.2......19h 10m Ip © 
Less 12h, gives the time past Midnight.... 7h 10m Moon’s Apparent Altitude,. ...25% 40° 47’ 
Corr. for Alt. in Table XXV..Add 44 

Moon’s Declination at Midnight, July 11th.. 21° 21’ S. Moon’s True Central Altitude. .... 41° 31’ 8. 
Moon’s Declination at Noon, July 12th.... 19 9 S. 90 O 
Diff. of Declination in 12 hours........... 2° 12’ and the Zenith Distance. ...cekeoeueeee 48° 29'N. 
Time from Midnight 7h 10m, ) Sub “ye - Correct Declination...........-- 20 3 8, 

in Table XXII1=Corr..... is LS a Latifude tine. A: eee eae 28° 26’ N 
Declination at Midnight decreasing. ...... 2121S 


Correct Declination at time of Observation 20° 3’S 
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EXAMPLE 2. 


April 25th, 1854, Sea Time, in the Longitude of 80° East, the Meridian Altitude of the Moon’s Upper Limb was 
observed to be 67° 86’ N. Height of the eye 23 feet. Required the Latitude of the Ship. 


April 25th is April 24th, Astronomical Time. Mean Time of passing the Mer. at Ship. ..22h 33m 
Moon's Mer. Passage April 24th,............ 22h 48m Equa. of Time, N. A., applied contr’y way.Add 2 
* Long. 80° E., which, at the rate of Sub 10 App. Time of the Merid. passage......... 22h 35m 
2m to every 16° —Corr........ pies UM T6480, ot. QOS. en eee 12 0 
Mean Time of the Mer. Pass. at Ship........ 22h 33m App. time by Watch of the Mer. passage. . 10h 35m A. M. 
Long. 80° E. in time......04--+0-+--e.-Sub, 5 20 — 
Greenwich Date, April 24th................ 17h 13m = Moon’s Hor. Parl. at Midnight, April 24th.....57’ 0” 
ee vet AE TE ie Wetaits o» sare 12h 0 
Time past Midnight at Greenwich............ 5h 13 _ Moon’s Obs. Altitude Upper Limb............ 67° 36’ N. 
—  Semid. Midnight. ..15' 31” t Sub fhe Sai 20 
Moon's Deel, Midnight, April 24th,........... 0° 51’ §, Dip of the Horizon. 4 36 2 voor ehaaiea 
Moon’s Decl. Noon, April 25th,........... 0... 23° O' Np ApprAltitades. 0.0: 3. UaG se a eaves 67° 16’ 
Dit of Decl ansbeibours. 0). 6. 2b. 5 asides ok 2° 53/ Corr, for Altitude, Table XXV..........- Add 22 
And time from*Midnight 5h 13m in Table ke “Pi Moon’s True Central Altitude...........0000- 67° 38’ N. 
Ree ee... adore eg. 
Declination at Midnight decreasing............ 0 51 S. Zenith Distance ..........ceeeeeeeceeeeeee 22° 29'S. 
Correct Decl. at the time of Observation....... 0° 24. N, Correct Declination... ............sc0e. wees O 24 N, 
Latitude in....... rere oe 21° 58’ S. 


* This Correction is found by adding 2 minutes of Time for every 15° of Longitude which the Ship is to the West- 
ward of Greenwich, to the time of her passage in the Nautical Almanac, or subtracting the same in East Longitude, 
will give the Mean Time of her passage at the Ship. 


Correction of the Declination (used in the above Examples), taken from the large Nautical Almanac. 


EXAMPLE 1. EXAMPLE 2. 
Deel., N. A., July 11, 19h. 20° 4’ 44'S. Diff. 10m 110’33 | Deel. April 24, 17h....0° 21’ 3’ N. Diff. 10m 144".50 
Deel. Decreasing....Sub. 1 50 10m. | Decl. Increasing...Add 38 13 _ 
Correct Declination. .....20° 2’ 54”” S. 60)110.0 Correct Declination... ..0° 24’ 11” N, 60)188.5 
Correction for 10 minutes... .........00 ccc eee 1'<50'4* @ Correction. for'10 minutes. ye... <<. eens « 3' 8 


QUESTIONS FOR EXERCISE. 

Question 1—April 5th, 1854, Sea Time, in Longitude 30° 44’ W., the Meridian Altitude of the Moon’s Upper 
Limb was 75° 15’ S. Height of the eye 18 feet Required the Latitude of the Ship. 

Answer.—Latitude in 40° 58’ N. 

Question 2—April 2d, 1854, Sea Time, the Observed Altitude of the Moon’s Lower Limb was 54° 39’ S. in Lon- 
gitude 60° W. Required the Latitude in. 

Answer.—Latitude in 54° 29’ N. 

Question 3.—April 13th, 1854, Sea Time, the Observed Altitude of the Moon’s Upper Limb was 30° 20’ S, in 
Longitude 30° W. Required the Latitude in. 

Answer.—Latitude in 54° 18’ N. 
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TO FIND THE LATITUDE BY THE MERIDIAN ALTITUDE OF A PLANET. 


The Latitude may be found from the Meridian Altitude of the Planets upon the same prineiple as that 
by the Sun and Moon. 

Their Declinations are given in the Nautical Almanac for the Noon at Greenwich, for every day of the 
month throughout the year. 


When their Declinations change slowly, they may be taken out for the Noon of the day at once by inspec- 
tion. But when there is a considerable change in their Declinations between the Noon of one day and the 
next, we must correct the Declination to the Greenwich time of Observation, in a similar manner as is done 
in the case of the Moon, except that their Meridian Passage is taken from the Nautical Almanac and used 
without being corrected, as the Mean Time of their passing the Meridian at Greenw ich; is near enough for 
general practice at Sea. 

But to find the Apparent Time, or the Actual Time, they do pass the Meridian by the watch, (regulated 
to Apparent Time at Ship), the Equation of Time must be applied to the time of passage taken from the 
Nautical Almanac, the contrary way to what is directed in the precept at the head of the column for Equa 
tion of Time, in the same manner as it is done in the case of the Moon, so as the Observation may not be 
lost in consequence of being too late in beginning it. 


To Find the Planets in the Heavens when on the Meridian. 


RULE. 


1. Find at what time a Planet will pass the Meridian in the Nautical Almanac, select one in preference 
which will be on the Meridian at twilight, because then the Horizon is distinctly visible ; or even when the 
Sun is several degrees above the Horizon, some of them may be observed, though invisible to the naked 
eye, and they are found as follows: 

Apply the Equation of Time, as before directed, to the Mean Time of their passage in the N. A., will 
give the Apparent Time of their passage at the Ship, and the Watch must be previously regulated to 
Apparent Time, or its error known. 


2. Subtract’ the Latitude by Dead Reckoning from 90°, and the remainder will be the Co-Latitude. Take 
out the Declination of that Planet from the Nautical Almanac, which passes the Meridian at the proposed 
time. Then if the Co-Latitude and its Declination are of the same name, take their swm, but if of con- 
trary names, take their difference, for the Meridian Altitude of the Planet. 

Now put this Computed Altitude on the Arch of the Sextant, and if in the day time, screw in the Inverting 
Telescope, (otherwise use the Direct one), and look towards the South point of the Horizon when the Latitude 
is North, and towards the North point of the Horizqn when the Latitude is South, and the Planet will be 
distinctly seen, through the Telescope, on or near it. 

But when the Sum of the Co- Latitude and Declination exceed 90°, it must be subtracted from 180°, and 
the Planet must be looked for in the North point of the Horizon, in North Latitude. and in the South point 
of the Horizon in South Latitude. 

Bring the Planet in contact with the Horizon, and when it attains its greatest Altitude, read off the 
Arch, and find the Latitude as follows : 


To Compute the Latitude from the Meridian Altitude of a Planet. 


RULE | 


Subtract the Sum of the Refraction and Dip, found in Tables IV and V, from the Observed Altitude, 
will give the True Altitude, which, subtracted from 90°, gives the Zenith Distance of the contrary name to 
the Planet’s Bearing. Take from. the N. A. the Declination, and correct it if required. Then, if the 
Zenith Distance and Declination are of the same name, their Sum, but if of contrary names, their ‘Differ- 
ence, is the Latitude of the same name as the greater of the two 


FINDING THE LATITUDE BY THE PLANETS. 


TO COMPUTE THE MERIDIAN ALTITUDE OF THE PLANETS. 


EXAMPLE 1. 


January 2d,1854. Sea Time. Required the Apparent 
Time, and the Altitude at which the planet Venus will 
pass the Meridian. Ship off the Cape of Good Hope, in 
Latitude 84° 0’ S., and Longitude 18° 0’ E. 


M. Pas. N.A., Jan. lst,3h.15m. M. Time at Greenwich. 
Equ. of Time,. .Sub. 4 
M. Pass. at Ship.... 3h.11m,..App. Time P. M. 


M. Pas, N.A., Jan.1st, 3h. 15m. Dee., N’n, Jan.Ist, 13° 5’ 8. 
Lon.18° E.in T,, Sub. 1 12 do. Janu. 2d, 1240 8S. 


Gueenwich Date... 2h. 8m. Change in 24h. wy 95! 
Lat. of Ship.... 184° 0' S. Pro, for 2h...Sub. 2’ 


90 0 Dee., Jan. Ist, 18° 5! 
Pectnay een OS... Cor, Dec... 18°) 3" 8. 
Dee. Venus..... 18 38-8. 


Compu. Alt..... 69° 3’ of Venus at 3h. 11m. P.M. 


Put this Altitude on the Sextant and look towards the 
North point of the horizon, (the Latitude being South.) 


EXAMPLE 8, . 


April 14th, 1854. Sea Time. Required the Apparent 
Time, and the Altitude at which the planet Jupiter will 
pass the Meridian. Ship on the Equator, in Longitude 
25° West. 

M. Pas. N.A.,Ap.18th,18h.24m, M. Time at Greenwich. 
Kqu. of Time,.Sub. 1 
M. Pass. at Ship... .18h.23m,, or 5h. 37m. A. M. by Watch. 


M. Pass. April 13...18h.24m. Dec, April 13th, 21° 7° S. 
Lon.25°W. in T.,Add 1 40 do. April 14th, 21 0 S. 
Greenwich Date... 20h. 4m. Change of Dec.24h=1’ 
hte Pro. for 20h.Sub== 1’ 
Lat. of Ship 0° 0’ Co-Lat. 90°0’ Dec. Ap.13, 91° 4! 
Add Dee. of Jupiter.... 21 6 S. Cor. Dee. .. 21° 6’ 


111.6. 
Subtract from........ apace kU 
Computed Altitude..... 68 °54’ of Jupiter at 5h.87’A.M. 


Put this Altitude on the Sextant and look towards the 
South point of the horizon, (because the Declination is 
South.) 


oe en 


EXAMPLE 2. 


June 7th, 1854. Sea Time. Required the Apparent 
Time, and the Altitude at which the planet Mars will 
pass the Meridian. In Latitude 40° 20' N.,, and Longi- 
tude 75° West. 


M. Pas. June 6th, N.A..6h. 2m, M. Time at Greenwich 
Equa, of Time....Add 2 


M. Pass. at Ship.... 6h.4m. App. Time, P. M. 


M.Pass. N.A.June 6th, 6h. 2m. Dee., June 6th,7° 25’ N. 
Lon. 75° W.inT.,, Add 5 do. June 7th,7 138 


Greenwich Date... 11h.2m. Change in 24h... 12’ 
Lat. of Ship.... 40° 20’ N. Pro. for 11h..Sub. 5’ 


90 O Dec., June 6,..7° 25’ N. 
Co-Latitude..... 49° 40’ N. Cor.Dec,.... 7° 20’ N. 
Dee. of Mars.... 7 20 N., 


_—__.. 


Computed Alt... 57° 0! of Mars at 6b. 4m. P. M. 


Put this Altitude on the Sextant and look towards the 
South point of the horizon, (the Latitude being North.) 


EXAMPLE 4. 


Feb. 2d, 1854. Sea Time. Required the Apparent 
Time, and the Altitude at which the planet Saturn will 
pass the Meridian in Latitude 30° 20’ N., and Longitude 
76° 30’ W. 

M. Pass. Feb, 1lst.. 6h.46m. M. Time at Greenwich. 
Equa, of Time..Sub. 14 


Mer, Pass. at Ship... 6h, 32m. App. Time, P. M. 


M. Pass. Feb. lst.... 6h 46m. Dee,N.A., Fe.lst.17° 4’ N 
Lon. 76° 30’ W.in T. 5 6 do. Feb. 2d.17 4 N 
Greenwich Date... 11h.52m. No Cor. for Dee. required. 
Lat. of Ship... .30° 20’ N, 
90 O 

Co-Latitude. ...59° 40’ N 

Dee. of Saturn..17 4 N, 

Computed Alt.. 76° 44’ of Saturn at 6h. 34m. P. M. 


Put this Altitude on the Sextant, and look towards the 
South point of the horizon, (because the Lat. is North.) 


To find the Latitude from the Meridian Altitude of the Planets. 


ZXAMPLE 1. 


Jan. 2d, 1854. Sea Time. tit 
of the planet Venus was 69° 7’ N. in ‘Longitude 18° Kast. 
Required the Latitude. 


Observed Altitude of Venus.......s.eee-: GU). bake 
Dip 4. Ref. 0... .ceeeeeeee ee eeeeees Sub. 4 

hath Uitnda: Ave ya's ain mare aek en a * 69° 3/N. 
maith Distance oa«. swekee ssh ae ace mes sso 20° 57’ 8. 
MASHNStION oickinls Sse oe Sa WED ee mde ns aise Si oa 
Ra. Sc citadel Dake hy hee oe, ¢ 44°93, 


EXAMPLE 38. 


April 14th, 1854. Sea Time. The observea Altitude of 
Jupiter was 68° 58’ S, in Lengitude 25° West. Required 
the Latitude. 


Observed Altituie of Jupiter...........- 68° 58’ S. 
Dip 4. Ref. 0.2... ceere eee eeeeeeees ~ ea 
True Altitude ..... cece cece ese eeeeecee _68° 54'S. 
Zenith Distance... .. ee eeeeeeceeeerees aT Ta 
Declination ....... eee eee cee cece ceeeee 21 6 8. 
Ship on the Equator. .....+e+ee+ eeeveee 00° 0 


The observed Altitude | 


EXAMPLE 2. 


June 7th, 1854. SeaTime. The observed Altitude of 


Mars was 57° 4’ 8, in Longitude 75° West. Required 
the Latitude. ; 
Observed Altitude of Mars. .........20.06: B74 8. 


Dip 4. Retitewe.. 5 ens < ebis Caecum ane Sub. 5 
Tre AG og os d'e'si« + 5c a ae ae nia 56° BY! 
Zenith Distance... . sv. s'.a!s bo pateemleaeene “338° 1’N. 
Declination ........ POET E TT ee o ON, 
Latitude ys. ig. 65k oe Oe ees 40° 21’ N, 


EXAMPLE 4. 


February 2d, 1854. Sea Time. The observed Altitude 
of Saturn was 76° 48’ S,, in Longitude 76° 30’ West, 
Required the Latitude. 


Observed Altitude of Saturn ..........-- 76° 48’ 8, 
Ere tcl. 0. ass spams a4 ee av Sub. 4 

PMMA GILG «a: cts eile BME aie sche» nian oie 76° 44! S 
att DiatAnce. «chs cate waa ike <« oles 8 ¥. 0 13° 16’N 
Declination .......... ORR ja hei oS, alg a aim ¥ 17 ee. N 
ERASE: 's) cia, x Cea aan Woks) Kh bien 380° 20' N 
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TO FIND THE LATITUDE BY THE MERIDIAN ALTITUDE OF A STAR. 


¥ 


The Latitude may be found by the Meridian Altitude of a fixed Star, upon the same principie as that 
by the Sun. 


/ 


1. Table XIX contains the Right Ascensions and Declinations of 24 of the principal Fixed Stars, for the 
year 1854, and the annual variation or change of the same. So tha,this Table may serve for future 
years, by simply multiplying the number of years elapsed by the amount of the annual variation, and 
applying it according to the sign of addition (4-), or subtraction (—), to the Sums taken from the Table. 


2. To Find what Star will Pass the Meridian at any Given Hour of the Day, 


Enter Table XVIII, with the Day of the Month at the top, and follow down the column until we come 
to the required hour, opposite to which will stand the name of the Star. But as the Meridian passages in 
this Table are only given for every third day, should the day required be between those which are marked 
at the head of the column, take it out for the nearest day preceding the required day, and subtract 4 
minutes for each intermediate day. 

The times shown in this Table are only approximations, but are suificiently near enough for the purpose 
cf finding the Latitude by the Stars, 

By the assistance of this Table, the method of finding the Latitude by the Meridian Altitude of a Star 
will be greatly facilitated ; for when we know at what time, nearly, a Star will pass the Meridian, and 
the approximate Altitude at that time, there can be no difficulty in making the requisite observation to 
determine the Latitude. These opportunities occur freyuently in the course of a clear night, and may be 
put in practice by any person otherwise unacquainted with the Stars in the heavens, by reference to the 
Figures at pages 65 and 66, and the following Rules. 


3. To Compute the Meridian Altitude of a Star. 


Subtract the Latitude by Dead Reckoning, (at the proposed time of observation.) from 90°, will give the eom- 
plement of the Latitude, or Co-Latitude, of the place of observation. Take out the Star’s Declination from 
Table XIX, and correct it for the years elapsed since 1854. Then, if the Co-Latitude and its Declination are 
of the same name, take their Sum, but if of contrary names, take their Difference for the Meridian Altitude, 
and the Star will be found in the South part of the heavens when the Latitude is North, an in the North 
part when the Latitude is South. But when the Sum exceeds 90°, subtract it from 180°: the remainder 
will be the Altitude, and the Star will be found in the North part of the heavens tm North Latitude, and 
in the South part in South Latitude. (See remarks on taking Altitudes of the Stars, at page 71.) 


4. To Find the Star from its Computed Altitude and Meridian Passage. 


Set the Index of the Quadrant to the Computed Altitude, and at a few minutes before the time of its 
Meridian passage, direct the sight towards the North or South points of the horizon, as shown above, and 
the reflected image of the Star will be perceived in the Horizon Glass, upon or near the horizon, which 
being brought in contact with it, and kept so until it arrives at its greatest, or Meridian Altitude. the 
ancle i is then read off the Quadrant. 

There is not the least danger of mistaking the Star, as no other will have the same Meridian Altitude 
at that time. (See remarks at page 71.) 

The best time for observing Altitudes of Stars is at twilight, for then the horizon is distinetly visible, 
and the Latitude may be found as correctly as by the Sun. But i in dark nights an error of from 5 to 10 
miles in the Altitude may be made, in consequence of the obscurity of the horizon. To obviate this, the 
Latitude should be found from an Altitude of a Star to the Southward, and another to the Northward, 
and the half Sum of the two Latitudes thus found will be the correct one. This will be further 
explained in the following Examples. 
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FINDING THE LATITUDE BY THE MERIDIAN ALTITUDE OF A STAR. 


The Meridian passages of the Stars shown in Table XVIII, being for Apparent Astronomical Time, 
which commences at Noon, one day before the Sea Day begins, and the hours are counted in succession 
throughout; so that when Sea Time is used, the Tables must be entered with the date one day less than 


Sea Time. 


If Civil or Common Time is used, the hours less than 12 will be the time past Noon on that day (and 


which are the same as Astronomical Time.) 


But when the hours are greater than 12. subtract 12 hours 


from it, and it will be the time on the morning of the following Civil Day, and which commences at Mid- 


night. 
Sea Day, takes place“at the same period of time. 


- 


Because the Noon of the Civil Day, the beginning of the Astronomical Day, and the end of the 


To Find the Stars in the Heavens from their Computed Altitude. 


EXAMPL®& 1. 


Feb, 28th, 1854, Sea Time, in Latitude by D. R. 40° 10’ 
N. Required what Star will be on the Meridian at twi- 
light in the evening, and its Computed Altitude. 


On referring to Table XVIII, and taking the date one 
day less, or Feb. 27th, I find the Star Aldebaran will pass 
at 5h 48m P. M. 

Latitude by Dead Reck..40° 10’ N. 

Subtract from...........90 0 

(e- istitindes’s jes. os ae 49° 50’ N. 

Declination Table XTX...16 13 N. 

Computed Altitude......66° 3’. I now set the Index 
of the Quadrant to this Altitude, and face towards the 
South, because the Latitude is North. Flatten down the 
Sight Vane, and using both eyes, the Star Aldebaran will 
be distinctly seen upon, or near the Horizon. 


EXAMPLE 3. 


March 21st, 1854, Civil Time, in Latitude by D. R. 
0° 31'S. Required to find a Star in the evening at twi- 
light. 


In Table XVIII, I find that the Star Sirius passes 
the Meridian at 6h 34m P. I. 


Latitude by Dead Reck.. 0° 30'S. 
Subtract from..... ave - 90 0 
Co-Latitude........2.+. 89° 30'S. 
Declination, Table XIX.. 16 31 8S 
, 106° 1’ 
Subtract from.......... 180 0O 


Computed Altitude....... 73° 59’ towards the South. 


May 2d, 1854, Sea Time, in Latitude by D. R. 20° 0’ 
N. Required at what Time and Altitude the Star Vega 
will pass the Meridian. 


On the 1st of May, by Table XVIII, Vega passes the 
Meridian at 15h 59mm, or time by Watch at 3h 59m A. M. 


EXAMPLE 5. 
Latitude by Dead Reck.. 20° 0'N. 


Subtract from..... sess 90 O 
Oe-Latituders: 4446 ae 40° ON. 
Declination, Table XIX.. 88 39 N. 
108° 39” 
sabtract from... ...es.s6 180 0 
Computed Altitude..... 71° 21’ towards the North. | 


EXAMPLE 2. 


March Ist, 1854, Sea Time, in Latitude by D, R. 38° 
10’ N. Required what Star will pass the Meridian at 
twilight in the morning, and its Computed Altitude. 


On referring to Table XVIII, and taking the date one 
day less, or February 28th, I find that the Star Antares 
will pass on the 27th, at 17h 40m, from which I subtract 
4 minutes, gives 17h 36m, and less 12h gives 5h 36m, the 
time it passes in the morning. 


Latitude by Dead Reck..... 88° 10’ N. 

Subtract from... i. sks es ¢ 90° 0 

Co-Latitude.. 02. cte esse 51° 50 N, 

Declination, Table XIX.... 26 6S. 

Computed Altitude........ 25° 44’, Set the Index to 


this Altitude, and face towards South in North Latitude, 
and the Star will be found as before. 


EXAMPLE 4. 


March 26th, 1854, Civil Time, in Latitude by D. R. 
30° 25'S. Required to find a Star in the morning twi- 
light. 


In Table XVIII, I find that the Star Vega passes the 
Meridian at 18h 20m, on the 24th, from which I subtract 
8 minutes, gives 18h 12m, and less 12h gives 6h 12m, its 
passage in the morning. 
Latitude by Dead Reck.. 
Subtract from. .......0, 
Co-Latitude.. ........20. 
Declination, Table XIX.. 
Computed Altitude..... 


80° 25’ S. 

90 O 

59° 35'S 

88 39 N. 

20° 56’ towards the North. 


EXAMPLE 6 


June 22d, 1854, Sea Time, Ship on or near the Equa- 
tor. Required at what Time and Altitude the foot Star 
of the Southern Cross will pass the Meridian. 


On the 21st June, by Table XVIII, it passes the 
Meridian at 6h 21m in the evening. 


Latitude by Dead Reck.. 0° 0’ 

Co-Latitude...... onde sin 90° 0’ 

Declination, Table XIX.. 62 17 S. 

Computed Altitude..... 27° 48' towards the South, 


beeause the Declination is South. Zhe Cross always 
passes the Meridian erect, 


Norre.—When the Star’s Declination Subtractive is greater than the Co-Latitude, the Star is not above the Horizon 


of the observer. 
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TO FIND THE LATITUDE BY THE MERIDIAN ALTITUDE OF A STAR. 


RULE. 


From the Observed Altitude of the Star, subtract the Dip of the Horizon, and the Refraction, taken from Tables 
IV and V; or the Sum of these Corrections may be taken out at once from Table XX, by entering it with the height 
of the eye at the top, and the Observed Altitude at the side, and the Angle of meeting is the required Correction, 
always subtractive from the Observed Altitude, will give the Star’s True Altitude, which, subtracted from 90°, gives 


the Zenith Distance. 
Zenith Distance South. 


Then, if the Star bears South, mark the Zenith North, and if the Star bears North, mark the 


Take out the Star’s Declination from Table XIX, and correct it for the years elapsed since 1854, as before shown, 


and mark it North or South. 


Then, if the Zenith Distance and Declination are of the same name, take their Sum, but-if they are of contrary 
names, take their Difference, for the Latitude, of the same name as the greatervof the two. 


~_ 


EXAMPLE 1. 


Feb, 28th, 1854, Sea Time, at 5h 48m P.M, the Ob- 


served Altitude of the Star Aldebaran was 66° 7’ S. 
Required the Latitude. 


#’s Observed Altitude........66° 7'S. 

Corr., Table XX......0. 

Height of the eye 16 feet | ret pit 
66° 3’ 


True Altitude 
90 O 


* ce. 2 
Zenith Distance. ..<:.0smeeas 20 57 AN, 
Declination, Table XIX....... 16 18 N. 


Latitude Observed. .........- 40° 10’ N. at 5h 48m P. M. 


EXAMPLE 3. 


March 21st, 1854, Civil Time, at 6h 84m P. M., the Ob- 
served Altitude of the Star Sirius was 74° 8’ S. Height 
of eye 18 feet. Required the Latitude. 


oeeeeee 


+’s Observed Altitude 
Corr; Table-2ek.. 23 eas 


True Altitude, ........0tes TS” 08" 


0° 30'S. at 6h 34m P.M. 


EXAMPLE 5. 


May 2d, 1854, Sea Time, at 3h 59m A. M.,, the Ob- 
served Altitude of the Star Vega was 71° 26’ N. Height 
of the eye 20 feet. Required the Latitude. 


%’s Observed Altitude....... 71° 26' N. 
Bane Table AX... sc. ccee tee 5 
TrnepAltitude... «s1i:c: 0. aaa” OL 
Zenith Distance.............. 18° 39’ S. 


Declination, Table XIX.......88 39 N. 


Latitude Observed............20° 0’ N.at8h59m A.M 


| EXAMPLE 2. 


March Ist, 1854, Sea Time, at 5h 36m A. M., the Ob- 
served Altitude of the Star Antares was 25° 50’ S. Re- 
quired the Latitude. J 


¥*’s Observed Altitude... ....25° 50’ S. 
Corr. Table XX (16 feet) Sub. 6 


True Altitude... .cc.s42. <'. 25° 44" 


90 seat 
Zenith Distance........... 64° 16’ N, 
Declination, Table XIX....26 6 8S. 


Latitude Observed.........38° 10’ N. at 5h 36m A. &. 


EXAMPLE 4. 


March 26th, 1854, Civil Time, at 6h 12m A. M., the 
Observed Altitude of the Star Vega was 21° 2’ N. 
Height of the eye 15 feet. Required the Latitude. 


| &’s Observed Altitude... .....21° 
Corr.,: Table: XX. hots eau: 


Troe: Altitude Wass? see easks 


eee eeeeeee 


EXAMPLE 6. 


June 22d, 1854, Sea Time, at 6h 21m P. M,, the Ob- 
served Alt. of the foot Star of the Southern Cross was 
27° 50'S. Height of eye 25 feet. Required the Latitude. 


| ¥’s Observed Altitude......27° 50’ 8. 
fp Corre. raple XX... s7.menee 7 
| True Altitude... ...6. sees QT 43" 


| Zenith Distanee........2.-.62° 17’ N. 
Declination, Table XIX.....62° 17’ S. 


| Ship on the Equator....... 0° 0 at 6h 21m P. M. 


QUESTIONS FOR EXERCISE. 


Quest. 1st.— April 2d, 1854, Sea Time, what Star, and at what Time and Altitude will it pass the Meridian about 


Twilight in the evening, in Latitude 42° 25’ N. 


Answer—The Star Castor, April Ist, at 6h 48m, and its Meridian Altitude is 79° 47’ S. 


Quest. 2d—April 2d, 1854, Sea Time, the Meridian Altitude of the Star Castor was observed to be 79° 49’ S,, at 
6h 48m in the evening. Height of the eye 16 feet. Required the Latitude, 


Answer—Latitude Observed 42° 27’ N. 
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TO FIND THE LATITUDE BY THE MERIDIAN ALTITUDE OF THE POLE ST.Ak. 


RULE. 


Correct the Observed Altitude for Dip and Refraction by Table XX. Take out the Pole Star’s Declination from 
Table XIX, and correct it for the years elapsed since 1854, and subtract its Declination from 90°, will give its 
Polar Distance ; then the Sum of the true Altitude and Polar Distance is the Latitude, when observed below the 
Pole, but the Difference between them is the Latitude when observed above it. 

To find when the Pole Star passes the Meridian below the Pole, we add half the interval of its revolution, which 
is 1lh 58m., to the time at which it passes the Meridian above the Pole, found in Table XVIII, and subtract 24 
hours from it, if it exceeds that quantity 


EXAMPLE 1. EXAMPLE 2. 

July 2d, 1854. Sea Time. At 6h. 20m. in the even- | July 2ist, 1854. Sea Time. At 5h. 9m. inthe morn- 
ing the Meridian Altitude of the Pole Star (below the ing, the Meridian Altitude of the Pole Star (above the 
Pole) was oberved to be 43° 10’. Height of the eye, 20 | Pole) was observed to be 32° 28’, Height of the eye, 16 
feet. Required the Latitude. feet. Required the Latitude. 


By Table XVIII, it passes the Merid. at 18h. 26m. A.M. | By Table XVIII, it passes the Merid. at 17h. 9m. A. M. 
Obs. Alt. Pole ¥ . 48° 10’ Dee. Table XIX, 88° 32’ N. | Obs. Alt. Pole #..32° 28’ Dee, Table XIX, 88° 32’ N. 


Lor, [epuan,.. Sub. & 90 00 Cor. Tab. XX, Sub. 5 90 00 
PS eg cs 43° 5’ Polar Dist...... ihe Hac | LPM 32° 23' “Pommemate > oon 1) oe 
Polar Dist....Add 1 28 | Polar Dist. . Sub. _ 1 28 

Latitude in..... 44° 33' N, | Latitude in..... 30° 55’ N. 


To Find the Latitude by the Pole Star at any Hour in the Night. 
RULE. 


To the Sun’s Right Ascension, taken from Table XIII, add the time since Noon, when the Altitude was observed. 
The Sum (rejecting 24 hours if it exceeds that quantity) will be the Right Ascension of the Meridian, with which 
enter Table X XI, and take out the correction, to be applied as directed in that Table, and the Sum, or remainder, 
will be the required Latitude. 


Remarks on Finding the Latitude by the North Pole Star. 


This method of finding the Latitude by the Pole Star is only an approximation, and may deviate two or 
three miles from the truth: but from its extreme simplicity it 1s well adapted to the practice of Seamen, in 
cases where an error of a mile or two can be of no material consequence. 

If the time at the Ship is not known, that is, if the Watch has not been previously regulated at the time 
of the Altitude, the Apparent Time at Ship may be deduced from the Greenwich Time by Chronometer, 
by turning the Ship’s Longitude into time, and subtracting it in West Longitude, or adding it in East, will 
give the Mean Time at Ship, and the Equation of Time applied the contrary way, will give the Apparent 
Time at Ship. In general, a few minutes error in the time will not affect the result. 


To Find the North Pole Star Itself 


The North Pole Star is easily found in the heavens, from the direction of the two large Stars in the coulter 
of the Plough, that well-known constellation; which is perpetually wheeling round the Pole of the 
heavens, so that these two Stars, or Pointers, always point to the North Pole Star as a centre. The Pole 
Star itself is only a dim object, of the second or third magnitude, and it requires good silvered mirrors in the 
Quadrant to obtain a tolerable observation, and the glasses should be wiped clean before the observation is 


commenced. (See remarks on taking Altitudes of the Stars, page 71.) 


” 


EXAMPLE. 1. EXAMPLE 2. 
February 11th, 1854. Sea Time. The Greenwich 


January 21st, 1854. Sea Time. At Sh. 25m. P. M. , 
Time by Chronometer being 21h. 30m., in Longitude 60° 


the Altitude of the Polar Star was observed to be 38° 15. 


| 
Height of the eye, 18 feet. Required the Latitude. 0’ W., an Altitude of the Pole Star was observed to be 
%’s Obs. Alt.....38°15’ App. Time at Ship. .8h. 25m. | 82° 45’. Height of the eye, 20 feet. Required the Lat- 
Cor., Tab. XX,Sub. 65 Sun’sR.A.Jan.20th,20 9 | a Ne Ae a , 
Tr Alt.. «.«.+.38° 10’ ag. idis _. «28h. 34m. x's Obs. Alt... .82° 45 eal ie y Chro.... 21h. 30m. 
Cor, TaXXT Suico' 58 ae we : om eenty | Cor, Tab. XX,Sub. 6 — Lon.60° W.inT,Sub. 40 
: Bai sg 37° 17' N. R.A. idian.. 4b.34m,| True Alt.......32°39' M. Time at Ship. ..17h. 30m. 
Sa Oe Aa EE eae 00. Sern XX TMi inteey, sBaof Tine, Sab.. ake 


Latitude in. ... 83° 57’ N. App. Time at Ship. 17h. 15m. 
Sun’s R.A. Feb.10th,21 36 


, 38h, 51m, 


R. A. of Meridian. 14h. 51m 
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FINDING THE LATITUDE BY THE MERIDIAN ALTITUDE OF TWO STARS 


In the Northern Hemisphere. 


in the night time, as before observed, errors in the observed Altitudes of the Stars are liable to be made 
in consequence of the obscurity of the horizon. 

But if we observe one Altitude of a Star to the Southward and another to the Northward. (and although 
they may both be in error, the one error will balance the other; that is, the Latitude found from the Alti- 
tude of both Stars may be erroneous, but if we add the two Latitudes together, their half Sum will be the 
correct Latitude. 


EXAMPLE, 


March 19th, 1854. Sea Time. At 10h. 10m. P. M., Apparent Time at Ship, the Meridian Altitude of the Star 
Regulus was observed to be 64° 7' South, and at the same time the Altitude of the Pole Star was 37° 57’ North. 
Height of the eye, 18 feet. Required the Latitude. 


Obs. Alt. of the #* Regulus. 64° 17'S. | Obs. Alt. Pole #.......... 87° 57’ App. Time at Ship...... 10h, 10m. 
Cor., Table XX..... Sub.. 5 bcc) pal WA) Cte, eg Sa a Sub. 5 Sun's R.A., March [8th.. 23h. 51 
Trae phd se wiih ciies elpiate GA sepiemreTrue AIG t,o 0 ctl ie Sipe 34h. Im. 
TeV ISU sn lo ow ae. 9 eR 95° 68’ N, | Cor, Table XXI....... Add 0 Dera y ae 
Dec Table XIX. 285s 12 (41° N.| Lat. by Pole Star......... 38° 54’ R. A. of the Meridian.... 10h. Im. 
Lat. by Regulus........ 38° 39’ N.| Lat. by Regulus.......... 38 39 

eri tia yo, [saree | yi'7? 33’ 


The Altitudes were i4m. too great. | Correct Latitude ........+ 38° 46’ 80” N. at 10h. 10m. P. M 


In the Southern Hemisphere. 


There are no Stars near the Pole which will answer the same purpose as the North Pole Star. Conse- 
quently, we have to observe the Meridian Altitudes of two Stars in opposite directions, but which do not 
pass the Meridian at the same period of time. (The difference of their Meridian passages is shown in Table 
XVIII.) So that the Altitude of the first Star observed must be reduced to the place where the second was 
observed, by applying the difference of Latitude the Ship has made in that interval of time, by the following 
simple Rule, and which is founded on the fact that when a Ship sails South she rises all the Stars in that 
direction, that is, their Meridian Altitudes increase, while those to the North gradually sink, that is, their 
Meridian Altitudes decrease ; and in sailing North, those to the North are raised, while the Stars to the 
South decline, by a quantity equal to the Difference of Latitude she has made in a given time 


RULE 


Enter the Traverse Table with the Course and Distance made good in the interval between the times of the Stars 
passing the Meridian, and take out the Difference of Latitude made in that interval, and apply it as follows : 


Ship sailing South’ Altitude of the first Star observed, 1 to the Southward, Add Difference of Latitude to it. 


to the Northward, Sub. do. do. from it. 
” rie : é Pe to the Northward, Add do. do. to it. 
Ship sailing North. Altitude of the first Star ecighion to the Southward, Sub. __do. ia fron tits 
EXAMPLE, 


March 18th, 1854. Sea Time. At12h. 50m. the Meridian Altitude of the foot Star of the Southern Cross was 
observed to be 61° 47’ South. Ship’s Course S. W., (true,) going 10 knots; and at lh, 48m. the Meridian Altitude 
of Spica was 66° 35’ North. Required the Latitude. 


Mer. Pass. of the Cross. ...12h.50m. First Obs Alt. S. Cross....61° 47’S. Obs. Alt. of SOICR Jaa ce. 66° 35’ N. 
do. . of Spiea....... 18 48m. Cor. for Diff. Lat.....Add. a Cor, Table XX..... Sub.. 5 
Interval of time....... .-. Oh. 58m. , 61> 4! True {A Te ee 66° 30’ 
Br ADI. Xo ee Sub. 5 pee . 98° eats 
, 7c ’ enith ‘Distou iii ease 28” 30'S. 
Course S.W., Dist. 10, gives D.Lat.7'S. Prue Alt...... 0... cecece 61°49’ Dec, Table XIXi, 4. cee! 10 24 §. 
Zenith Distyal sits s canes 28° 11’ N. Latitude by Spica....... 33° 54'S. 
Dee; Table XIX ...., 0 ie yes 
Latitude by the S. Cross.. 84° 6'S. 
do.ccipg Spica... . ince 338 54 8. 
Sage ee ska b wis « ocne 68° 0’ 
Correet Latitude........ 84° 0’ S. atih.48m. or time of the last Altitude 


The Altitudes in this ease have been too great by 6 minutes, and which is generally the case in observing 
Altitudes of Stars in the night time. 
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FINDING THE LATITUDE BY AN ALTITUDE OF A STAR OUT OF THE MERIDIAN. 


The Latitude may be found by an Altitude of a Star out of the Meridian, upon the same principle as 
the method given at page 94, by the Sun, using the Star’s Distance from the Meridian in the room of the 
time from Noon. 

And i: is necessary, in this case, (in obtaining a correct result), to compute the Star’s Meridian passage, 
in the room of taking it from Table XVIII. 


RULE. 


Turn the Ship’s Longitude into Time, and add it in West Longitude, or subtract in East, to or from the Apparent 
Time of Observation. reckoned from the preceding Noon, will give the Greenwich Time, nearly. Or the Greenwich 
Time may be found at once from the Chronometer. Take out the Sun’s Right Ascension from the Nautical Almanac, 
one day less than the Sea Date, and correct it to the Greenwich Time by multiplying the difference for 1 hour by 
the time from Greenwich Noon, and add it to the Right Ascension at the preceding Noon, (because it is always 
increasing.) Tuke out the Star’s Right Ascension, and correct it, if required. Then subtract the Sun’s Right Ascen- 
son from the Stars Right Ascension, (increasing the latter by 24 hours, if necessary, for the purpose of subtraction), 
and the remainder will be the correct Apparent Time of the Star’s Meridian passage. 


The limits of the time from the Meridian passage of the Star, are the same as the time from Noon by 
the Sun, given in Part 5. Table XV, and the rules for using the Tables are the same as given at page 94. 

Ir the time of the Altitude of the Star is noted by the Watch, it must be previously regulated, or its 
error on Apparent Time known. 

The Chronometer may be used to find the Apparent Time of Observation, as at page 94. 


EXAMPLE 1. EXAMPLE 2. 


Feb. 28th, 1854, Sea Time, in Latitude by Dead Reck- March 22d 1854, Sea Time, in Latitude by Dead Reck- 
oning, absut 40° 10’ N., and Longitude 60° W., at 6h 5m | oning about 88° N,, and Longitude 45° W., an Altitude 
P. M., the Observed Altitude of the Star Aldebaran was | of the Star Sirius was observed to be 84° 86’ S., when 
65° 43’ S.; height of the eve 18 feet; the Watch show- | the Greenwich Time by Chro. was 9h 8m P. M: height 
inz the correct Apparent Time. Required the Latitude. | of the eye 18 feet. Required the Latitude. 


Feb. 27th, the Sun’s-R. A., N. A. Noon..... 22h 40m 59s | March 21st, Sun’s R. Ascen., N. A., at Noon Oh 2m 5s 
Time of Obs. 6h 5m Change of R. A. in 1 30 G. Time of Obs. 9h 8m Os Corr, for G. OF or as 
Long. 60° W. 4 0 lh = 9s X 10h=—= Long. 45° W. ee) ae T.9h X 9s 14 
Green. Date. 10h 4m ©’s Correct R. A...22b 42m 298 In time... _._—- ©’s Cor. R.A. Oh 8m 26s 
*%’s R. A. 4h 27m 32s 98 97 39 Mer. T. at Ship.¢h 8m 0s # sR. Ascen. 6 388 43 
Increased by 24h... ... Equa of Time.Sub. 7 15 yes Mer, Pas, 6h 35m 17s 
%Aldebaran’s Mer. Passave............- . 5h 45m 3s App. T. at Ship 5h 55m 45s or T. of Obs. 5 55 45° 
Apparent Time of Observation............ 6 5 0 | Time before passing the Meridian.......... 39m 382s 
Time past the Meridian....... atte sag ave 03's 19m 57s | Time before Mer. Pass. 39m 328 ( 70, » gag 
* Past the Meridian 19m 57s Log. 7.279 ) 1 "Part let... os eee eee ae Tiamat 
Restate rh Mis ook. aes nt | Lat. 38° N., 3's Deel. 164° St Log o.o6g + Tab. XV. 
Lat. 40° N., *'s Decl. 16s N. Log. 0.559 } Table XV. Part. 3d . dvs (ajene Geena eae 
Part 2d... eee eee eee iy Corr. for Altitude....Add 0° 47' Log. 8.187 
Corr. for Altitude...Add 0° 24’ Log. 7.838 a Observed Altitude.. ..34 36 
F's Obs. Altitude......65 48 | Meridian Altitude. .......35° 23 S. 
Meridian Altitude. .... Cho TS: . Corr., Table XX... ..Sub 5 j 
Corr., Table XX. ..Sub. 5 | True Altitude a... .sa.85° 18! 
‘4 ° / Ee 
True Altitude......... 66 2 | Zenith Distance. ........54° 42’ N. 
Zenith Distance. .. ... ..23° 58’ N. | ¥*’s Decl, ‘lable XIX...16 31 S. 
greclination ie irs ans. eset Ss | Latitude in.............38" 11’ N, at 5h 56m P. M. 
Latitude in...... ia sists 40° 11’ N. at 6h 5m P. M. | 


The same Examples as above, worked with the Star's Meridian Passage taken from Table XVIII. 


Mer, Passage of Aldebaran, Feb. 27, Tab. XVIII 5h 48m | Mer. Passage of Sirius, March 21, Table XVIII.6h 84m 


Time of Observation......... Rethassesewsss O 1/65) ame of Obseryatiomiy oun, Wiig Wye es Obl. 23 5 56 
Time past the Meridian. ...... PE aie ie reeves «© 17m | Time before passing the Meridian. ............. 38m 
* past ee ae a Aaa . Log. 7.1388 | Time before Mer. 88m Part Ist...Log. 7.856 ) 
at. 40° N., #’s Decl. 16° N.. : : .164°S. Ps 26 
Part 2d t Log. 0.559 \ Table XV. | Lat. 38° N., Deel BS Part 3d. Log. 0.260 fetus XV 
Sat aren Sama $" Corr. for Altitude 44° .. ..... Log. 8.102- 
Corr. for Altitude 17’........ . Log. 7.697. | 


Hence an error of nearly 3 minutes of time in the Meridian Passage of Aldebaran would produce an 
error of 7’ in the Correction for Altitude. 

And an error of 1m 32s of time in the Meridian Passage of Sirius would produce an error of 3’ in the 
Correction “r Altitude. 
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NAUTICAL ASTRONOMY. 


FINDING THE LATITUDE BY AN ALTITUDE OF A STAR OUT OF THE MERIDIAN. 


As the Parts 2d and 3d of Table XV are only calculated for objects whose Declinations do not exceed 
25°: therefore, when the Declination of a Star exceeds that quantity, the Logarithm of the Latitude and 


Declination must be computed as follows: 


RULE. 


Compute the Meridian Altitude of the body by adding its Declination to the Co-Latitude, when they are ot ine 


same name, or taking their Difference when of contrary names. 
Deelination, (as if they were Half Sums), and take out three figures of these Logarithms with their Indices. 


Enter Table XXVIII with the Latitude and the 
Enter 


Table XX VII, with the Meridian Altitude, (as a Latitude), and take out its Logarithm in like manner, and write 


under it the constant Logarithm 0.301. 


Add these four Logarithms together, and their Sum (rejecting 10's in the 


Index), will be the Logarithm of the Latitude and Declination required. 


EXAMPLE 1. 
Required the Logarithm for Lat. 48° 30’ N., and the | 
Declination of the Star Castor 32° 12’ N, 


Latitude...... 48° 30’ N. as a half Sum....Log. 4.821 

Subtract from...90 0 (Table XXVIII.) 

Co-Latitude.....41° 80’ N. 

¥’s Decl........32 12 N. asa half Sum....Log. 

Mer. Altitude. .73° 42'S. as a Lat., Table 
aenay Li. Se, 

Constant... .''. «ss ois sss Sen 6 nein ee 


4.927 
og. 0.552 
. 0.801 


Required Computed. .'. . capitan: mss oe caer Log. 0.601 


EXAMPLE 3. 


March 31st, 1854, Sea Time, Latitude by Dead Reck- 
oning 48° 80’ N., Long. 80° W., the Observed Altitude of 
the Star Castor was 78° 1’S., and the Greenwich Time 
by Chronometer 8h 28m 49s. Required the Latitude. 


Mareh 30th, Sun’s R. A., in N. A., Noon.. Oh 34m 48s 
G. ‘I’. by Chro. 8h 28m 49s Cor, for G. T. 1 16 
Lon. 80°. W.) 0 8th X 9s... 


in time. . i if ©'s Cor. R. A.. Oh 86m 4s 
M. T. at Ship. 6h 28m 49s %#’s R. Ascen... 7 25 17 

Equa... ..Sub. 4 36's Mer. Pass... 6h 49m 138 
App. Time... 6h 24m 18s App. T. of Obs.. 6 24 13 

Time before the Meridian Passage......... 25m. Os 
3's Dist. fm. the Mer. 25m, Part 1st, Tab. XV. Log. 7.473 
Lat. 48° 30’ N., Decl. 82° 12’ N., Computed. . Log. 0.601 


Part 4th, Corr, for Altitude......Add 0° 41’ Log. 8.074 


#’s Observed Altitude. ............ T3inw 

Meridian Altitude. ............... 73° 497 §. 

Rome. JTable XX. see see, - ub: 4 

arose Alatide* io yaeate CRO cok 73° 38/ | 
Zenith Distance. .......sssece0es+s «16° 32’ N | 
ara uiheclination.; . .\J, dy% fees . ona 32 12 N 


Latitude Observed. .................48° 34 N. 
At 6h 24m 13s P. M. 


EXAMPLE 65. 


Required the Logarithm for Latitude 10° 0’ S 


, and 
the Declination of the Star Dubhe 62° 82’ N. 


Latitude 10° 0’ S.asa half Sum ......... Log. 4.993 
Sub.fm. 90 0 

Co-Lat... 80° 0’ S. 

Reels... 64708 Nand a-half Sum... 23.62 Log. 4.664 
Mer. Alt. 17° 28’ S. as a Latitude. ...........Log. 0.021 
COnStANE in nase keen Bane ae 28 6 vs 00d ns aad Log. 0.301 
Required Computed.. .... 500. ccseeeeeee ces Log. 9.979 


EXAMPLE 2. 


Required the Log. for Lat. 38° 25'S, and the Deel. 
of the foot Star of the Cross 62° 17’ S. 


38° 25’ S. as a half Sum... . Log. 


Latitude....... 4.894 
Sub. from..... 90 0 (Table XXVIIL) 
Co-Latitude.... 51° 35’ S. 
Decl........... €2 17 S.asa half Sum....Log. 4.667 
113° 52" 

Subtract from...180 0 ’ 
Mer. Altitude.. 66° 8’ S. as a Lat., Table 

XX Vie Ete wee 
Constant rei ae nie a4 a 5.2.6.0 0x0* a ogee ene Log. 0.301 
Required Computed. . 2.2.0 ssecesreeerenves Log. 0.255 

EXAMPLE 4. 


Jan. 2d, 1854, Sea Time, in Lat. by Dead Reckoning 
38° 25’ S., Long. 80° E, the Obs. Alt. of the foot Star of 
the Southern Cross was 65° 41’ S., and the Greenwich 
Time by Chro. 16h 2m 40s. Required the Latitude. 


Jan. Ist, Sun’s R. A., in N. A., Noon....... 18h 47m €s 
G. T. by Chro..16h 2m 40s Cor. for G. T. 2° Bea 
Long. 30° E. 2 0 0 16h X lls= he 

an tlIMé: 3 ve — ©’sCor. R.A.18hb 50m 2s 
M.T. at Ship..18h 2m 40s 3's R. A.... 
Equa. of T..Sub. 3 51 12h18m5ls}+36 18 31 


App. Time....17h 58m 49s + 24h=. iH 
*’s Mer. Pass... 17h 28m 295 


App. T. of Obs.17 58 49 
Time past the Meridian. ..........-...4. ef 30m 20s 
’s Dist. from the Mer. “ube } iad 
$0m'20s/-Part ist..ca¢) SF Log. 1.641 Table 
Corr. for Altitude.......Add 0° 27’ Log. 7.896 
*%’s Obs. Altitude.........- 65 41 


Meridian Altitude......... 66 
Corr. Table XX........Sub. 


Erase LA AEIPOGG i ele’ s 20 oe Oem 66°. 4" 


Zenith Distance. ........-...28 
DieeliinahiOn ease Od. bs oh eck ‘ 


Latitude Observed......... 38°21’ S. 
EXAMPLE 6. 
Required the Log. for Latitude 40° 27’ S, and the 


Declination of the Star Canopus 52° 87’ S. 


Latitude 40° 27’ S. as a half Sum......... Log. 4.881 
Sub. fm.. 90 0 


(o-Lat.... 49° 83’ S. 

Decl...... 52 37 S.asa half Sum.......4. Log. 4.783 
102° 10’ 

Sub. fm..180 0 

Mer, Alt. 77° 50’ S.as a Latitude... ....'.. Log. 0.676 

Constants... 1.0 00 c= el ia ¥en eek eee Log. 0.301 


Required Computed..........2e008 .. + Log. 0.643 
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FINDING THE LATITUDE BY TWO STARS. ONE OF THEM OUT OF THE MERIDIAN. 


As before observed, a single Altitude of a Star for Latitude, on a dark night at Sea, is always of a doubt- 
ful character, in consequence ot the obscurity of the horizon, but which may be remedied by observing two 
Stars on opposite sides of the Meridian. But as no two Stars pass the opposite Meridians at the same period 
of time, the Ship may have changed her place in the interval of their passing, and a correction must be 
applied to the first Altitude, to reduce it to the place where the second was observed, (an Example of which 
is given at page 110.) But when we want to find the Latitude at once from the Altitude of two Stars on 
opposite sides of the Meridian, we observe the Meridian Altitude of one, and directly afterwards observe 
the Altitude of the other, (not on the Meridian,) and note the time by the Watch or the Chronometer, and 
reduce it to the Meridian, (as in the Examples on the preceding page.) The limits must be the same as 
that given in Part 5th, Table XV. # 


EXAMPLE 1. 


February 12th, 1854. Sea Time. In Latitude, by Dead Reckoning, about 40° 9’ S., and Longitude 25° 16’ W., 
the Meridian Altitude of the Star Spica was observed to be 60° 84’ North, and at the same time the Altitude of the 
toot Star of the Cross was 66° 10’ South, Greenwich Time by Chronometer, 15h. 84m. 20s. Required the Latitude 


Feb. 11th, Sun’s R. Asecen., N. A.....21b. 89m. 28s... Diff. for 1h... .9s. 


Greenw’h Time by Chr..15h. 34m. 20s. Corr. for Greenwich Time..... Add 2 20 ..Green, Time .15$h. 
Long. 25°16" W.in T... 1 41 4 gun's Correct R. Ascen.........6e.. 21h. 41m. 48s, 135 
Mean Time at Ship.... 13h.53m.16s. 3 Cross R. A. 12h.18m.31s.X%24h.—86 18 32 5 
Equa. of T., = A »Sub. 14 82 5 Meridian Te nec cs a we 14h, 36m. 44s. )140 
; pp. Time at Ship.... 13h.38m. 44s. Time of the Chieervation.........*. 184088. 44° ree Cor. 2m.20s 
Time before Mer. Passage......... 58m. 0s==..... Log. 8.202 

Mer. Obs. Alt. of & Spica.. 60° 34’ N. Lat. 40° S., Dee. 62° 17’ S., computed .............000- Log. 0.274 
Cor., Table XX......... 4 Cie Ni. ° Add 21° 43’ | YE Sige 8416 
SOR a eos vee ee 60° 30’ Obsr Alt Se Ge Crosmenae. oo... . 0.08 66°10 °°... yee Table XV. 
Zenith Distei........... TiS BO ni S.5; Meni RG goes... bg “67° 53'S, 
RRR ANCE yeh oY one's oid 6 10722435, SCorestapiers metierw ve... .. ok Sub. 4 
Rite Ove, bye S pick... 89 04! Shi rnetAle, Nets cuales ve... . 0. seas 67° 49’ 

dove byt aS. Croses. 40. 16° 8) Zenith Dish S). jc 2.006... 5... Aeon 41) N, 
OTe ony a re Lae 4)80° 0! PICO ites CME INTL S's ala» so > oo cee als iy es 
Correct Latitude ...... Me ches Lites Yo. CORR Pane a oo ae 40° 6’ S. 

EXAMPLE 2. 


March 2d,1854. Sea Time. In Latitude, by Dead Reckoning, about 40° 30’ South, and Longitude 75° 30' East, 
the Meridian Altitude of the Star Sirius was observed to be 66° 14’ North, and at the same time the Altitude of 
the Star Canopus was 77° 36’ South. Greenwich Time by Chronometer, 3h, 0m. 24s. Required the Latitude. 


March Ist, Sun’s R. A. in N. A...... 22h. 48m. 30s....... Diff. for lh... 9s. 

Gr. Time bei Chiro... 3h. Om. 24s. Cor. for Greenwich Time ..... Add 27 Green. Time..... 8h 
° t ° : f —_— —-. 

Lon. 75° 30’ E.in time. 5 2 merect RiAseen. : 3s. 7, 2S Ofh main, O78... 3..Corm'. oe. t2T8. 


Mean Time at Ship.... 8h. 2m. 24s, Canopus R.A. 6h.20m.44s. Add 24h30 20 44 


Equa. of T., contrary, Sub. 124 52 do. Mer. Passage ..... 2 a ST. 47s. 
App. Time at Ship.... 7h. 49m. 47s, Time of Obs. .......... Mo: ee ie ae «Baek ek eet (Table XV.) 
‘Time before Mer. Passage ....... ern 18a. ? Oa, ee Log. 7.188 
Mer. Alt. of # Sirius. . 66° 14’ N, See Example 6th, page 112, of Computing the.............. Log. 0.641 
Cor., Table XX ..Su . 4 Correction for Altitude .......... Add 20° 23 ae Log. 7.829 
eae IE... di aa oe 66° 10 Obs. Alt. # Canopus ve77 len oe Sees ss TT) SG re 
Zenith Dist.......... 23° 50'S. Ber Ale.: Ssh c's UR em eee ee a b Pew tis 71° 59! 
Dec., Sirius a tas a 16 81 S. Cor., Table xX S RPA ale! wo ae wes Sub. 4 
Lat. Obs. by Sirius... 40° 21'S. Trae Alt, ss, .0ie, lon aan TT? 55’ S. 
do. by Canopus. 40 32 8, eehith Dist; -2aneeweweees «shee 
Cae ae Oe $)80° 53’ Deo. Canopuss Po grees: ee hale cee eee 52 37'S 
Correct: Latitude _ 40° 26'30”8, Lat. Obs. by Canopus................ 40° 32’ 8, 


Norr.—The 1st Example given above is not a good case, as the time from the Meri 
of the Part 5th, and an error in the time will considerably affect the result. 

When there is a choice of Stars, take the one whose Declination is of a contr. 
and which has a low Altitude, because it can be observed farthest from the 
it the least. In this case an error of 1 minute in the time would produce an error of 4 minutes in the correction f, 

Altitude; and on reversing the case, that is, observing the Cross on the Meridian, and finding the correction for tha 
Altitude of Spica, an error of 1 minute in time would produce an error of 8 minutes in the correction for Altitude, os 


dian passage exceeds the limits 


ary name to the Latitude of the place, 
Meridian, and an error in the time affects 
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FIND.NG THE LATITUDE BY AN ALTITUDE OF THE MOON OUT OF THE MERIDIAN. 


The Latitude may be found by an Altitude of the Moon, taken either before or after she passes the 


Meridian, within the limits of Part 5th, Table XV, upon the same principle as that by the Sun and Stars, 


as follows : 
RULE. 


To Find the Apparent Time of, the Observation. 


1. Note the Greenwich Time by Chronometer, when the Altitude was observed. Turn the Ship’s Longitude inte 
Time. Subtract in West or add in East Longitude, will give the Mean Time at Ship. Apply the Equation of 
Time the contrary way to what is directed for Apparent Time in the column of the Nautical Almanae, and we have 
the Apparent Time at Ship at which the observation was made. 


To Find the Time of the Moon’s Meridian Passage. 


2. Take out the Moon's Meridian Passage from the Nautical Almanac, against the day of the month, and correct 
it by Table XXII, which will give the Mean Time of her passing the Meridian of the Ship, to which apply the 
Equation of Time the contrary way, as above directed, and the result will be the Apparent Time of her passing the 
Meridian of the Ship. 


To Find the Moon’s Distance from the Meridian. 


3. Now take the difference between the Apparent Time of her passing the Meridian of the Ship and the Apparent 
Time of the Observation, with which enter Part 1st, Table XV, asa time from Noon, and take out its Logarithm. 


To Find the Correction for Altitude. 


4. Correct the Moon’s Declination, taken from the Nautical Almanage, to the Greenwich time of the observation by 
the Rules given at page 102, No. 6, with which, and the Latitude by Dead Reckoning, proceed as before to find the 
Correction, (as in the case of the Sun and Stars,) to be added to the observed Altitude. The Latitude is then found 
in the usual way. 

Sometimes the Meridian Altitude of the Moon is lost, in consequence of being too late in beginning the 
observation. The Latitude may, however, still be obtained as correctly as by the Meridian Altitude, by the above 
method, if the Longitude of the Ship can be ascertained within a few miles of the truth. 


EXAMPLE. 


Jnne 3d, 1854. SeaTime. In Latitude, by Dead Reckoning, 49° 25’ North, and Longitude 45° W., the observed 
Altitude of the Moon’s Lower Limb was 56° 29’ South, before her Meridian passage, and the Greenwich time by 
Chronometer, 7h. 56m. Os. Height of the eye, 24 feet. Required the Latitude of the Ship. 

D’s Dec. Noon, 18° 24’ N., June 2d. 
D’s Mer. Pas., June 2d, N.A., 5h. 21m. Green. Time by Chro... 7h. 56m. Os. Midnight,.... 16 19 


June 8d,.....6 5 Lon 45° W.intime... 3 0 0 Change in 12h, 2° 5’ 
“'Tab.X XII, Lon.45°W.,D.Varia. 44m. Mn. Time at Ship..... 4h. 56m. Os. G. 'T. from Noon, 8h. = 1° 22° 
Gives the correction ... 5m, Os. ©qua.of Time....Add 222, in Table XXIII... 
Mer. Pass., June 2d..... 5h. 21m.0 App. Time of Obs..... 4b. 58m. 228, Dee. Noon, June 2d...... 18. 38 
M.Time of M.Pas. at Ship, 5h. 26m. Os. App. Time of M. Pass. 5 28 22 D's Cor Dee.......---+. 17° 2'N. 
Equa. of T., contra. . Add 2 22 Moon's Dist. from Mer.. Ob. 30m. 0s. ......... Log. 7.631 { Table XV 
App. Time of Mer. Pas.. .5h. 28m. 228, Lat. D. R. 49° 25’ N., Dec... O° 17 N. +++ ++eee: Log. 0.367 
Cor. for Alt... .0s.- Add 0 84== -+ererese Log. 7.998 
Obs. Alt. D’s L. Limb... 56 29 8. 
Mer. Altuctg ein on sae $72.3" 
)’s semid. 15, Dip 5, Add 10 
App. Alt i..c¢anne B7° 13" 


Cor. for Hor. Par. 55’, Alt. 0 29 
57°, Table XX V,. Add 


D ‘a True, Alt. ivceeeeee 57° 42'S, 


Zenith Distance ........ 32° 18'N. 
Correct Dec. ...... ncas oe 
Lat. Observed... 14.4.3 49° 20'N. at 5h. 28m. P. M. 


QUESTIONS FOR EXERCISE. 


Questeon.— August 9th, 1854. Sea Time. In Latitude, by Dead Reckoning, about 56° 0' North, Longi 
tude 75° 30' West, the observed Altitude of the Moon’s Upper Limb was 14°41’ South, (about 1 hour past 
the Meridian.) The Greenwich Time by Chronometer being, August 8th, 18h. 52m. 30s, (Height of the 
eye, 18 feet.) Required the Latitude. 3 

Answer.—Latitude 56° 10’ North. The Apparent Time of observation at Ship was 13h. 45m. 6s. The 
Apparent Time of the Moon’s Meridian Passage. 12h. 45m. 6s., the Moon was 1 hour past the Meridian 
and the Correction for Altitude, 1° 6’, and Meridian Altitude 15° 47’ South. 
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FINDING THE LATITUDE BY AN ALTITUDE OF A PLANET OUT OF THE MERIDIAN. 


The Latitude may be found by an Altitude of a Planet out of the Meridian, upon the same principle, 
and in a similar manner, as that by the Moon. 


RULE 


To Find the Apparent Time of Observation. 


1. Note the time by Chronometer, when the Altitude of the Planet was observed, and from which, deduce the 
Apparent Time of the Observation, as directed on the preceding page. 


To Find the Time of the Planet’s Passing the Meridian. . 


2. Take out the Planet’s Meridian Passage froin the Nautical Almanne, against the day of the month, as usual, 
and apply the Equation of Time the coxtrary way to what is directed for Apparent Time, in the column of the 
Nautical Almanac, which will give the Apparent Time of its passing the Meridian of the Ship. 


To Find its Distance from the Meridian. 


3. Now take the Difference between the Apparent Time of its passing the Meridian of the Ship, and the Appa- 
rent Time of the Observation will be the Planet’s Distance from the Meridian in time, the Logarithm of which find 
in Part Ist, Table XV. 


To Find the Correction for Altitude. 


4, From the Nautical Almanac take out the Planet’s Declination, and correct it to the Greenwich Time of the 
Observation, in a similar manner as at page 104, with which, and the Latitude by Dead Reckoning, take out the 
Logarithm from Parts 2d or 3d, Table XV. The Sum of these two Logarithms, in Part 4th, gives the Correction 
for the Altitude required, which is always additive. 


EXAMPLE 1. 


Sept. 25th, 1854, Sea Time, in Latitude by Dead Reck. 
44° 25’ N., Longitude by Chronometer 65° W., an Alti- 
tude of the Planet Jupiter was observed to be 21° 52’ S. 
(before the Mer. Passage), Greenwich Time by Chronome- 


ter, 10h 34m 16s, P. M. Height of the eye 18 feet. Re- 
quired the Latitude. 
Sep. 24th, G. T. - Mer. Pass. 

BT Oiestedal tr 10h 84m 16s nipitar {7h 4m 36s 


Long. 65° W. in 4 99 9 Equa.of T.Add 8 7% 


Time... ..Sub. Ps NAR papier 
pf Pps 0 : § 
Mean T. at Ship... 6h 14m 16s Pass, {rh 12m 43s 
Equa. of Time. Add Sevitd 


App. T. at Ship.....6h 22m 238 Deel. Jupiter.22° 44'S. 
App. T. of Passage.7 12 48 


EXAMPLE 2. 


Jan. 29th, 1854, Sea Time. in Latitude by Dead Reck- 
oning, 25° 10’ S., Long. by Chronometer 0° 0’ 0’, an Alt, 
of the Planet Saturn was observed to be 47°9’ N., (past 
the Meridian), Greenwich Time by Chronometer 7h 31m 
38s, and the height of the eye 18 feet. Required the 
Latitude. 


Jan. 28th, G. 'T. of 

Observation... Tagine 88s Saturn. toh Im. 18e 
Long. in time......0 0 0 EquaofT.. 13 16 
Mean T. at Ship...7h 81m 38s App. T. of 
Equa. of Time.Sub. 13 16 Passage 


App Time of Pass.6h 48m 2s 


Mer. Pass. 


teh 48m Ys 


Decl. Saturn 17° 2’ N, 


Time before Mer.... 50m 20s Log. 8.078 ) Table | Time past Mer.... 30m 203 Log. 7.641 ) Table 
Lat. 44° $ N., Decl. 22° 44’ S........ Log. 0.156 { XV. | Lat. 25° S, Decl. 17° N............ Log. 0.418 § XV. 
Corr. for Altitude...... Add 0° 59’ = Log. 8.284 Corr. for Altitude....... Add 0° 39’ Log. 8.054 

Obs Alt. of Jupiter........21 52 Obs. Altitude of Saturn......47 9 N, 

Meridian Altitude........ 22° 51'S, Meridian Altitude. ..........47° 48’ 


Corr. Table XX. ....Sub. 6 


Corr. Tablé Xs gee «OUD, 5 


True Altitude............ 22° 45 True Altitudé.¢su:.......:- 47° 43’ N. 
“Zenith Distance... ....... 67° 15’ N. Zenith Distances os sic. ess 2 3 42° 17’ §. 
PPAOINGLION 5 fF. s ghia n Se te oo" 440: Declination: ........... pe ak tet 2 ee 
Peete aN. ee wes oes 44° 81' N, at 6h 23m P. M. Tinthitigerie eos bed cee ck 25° 15’ S. at Th 18m P.M 


Norre.—In all the preceding Examples, where the Chronometer is used in deducing the Apparent time ut Ship, the 
Difference of Longitude the Ship has made in the interval between the time the Longitude by Chronometer was ascer- 
tained, and the time the Altitude of the body was observed for Latitude, must be applied, by the rules in Middle Lati- 
tude Sailing, in order to get as near as possible the correct Longitude of the Ship at the time the Altitude of the body 
was observed; bearing in mind that for every 1’ of error in the Longitude, there will be a corresponding error of 4 
seconds in time in deducing the Apparent Time at Ship from it. In general, when sights for Chronometers are taken, 
both morning and afternoon, the error in the Ship’s Longitude, brought on by the Dead Reckoning, will rarely exceed 5 
miles. And it wil] be perceived that in thus finding the Latitude from bodies out of the Meridian, the Chronometer 
renders valuable assistance in finding the Apparent Time at Ship, at the time the Altitude was observed, when it would 
be difficult to get it otherwise. 

Many of the foregoing Examples of finding the Latitude from the Meridian Altitude of the Stars, are given for Twi- 
light, because the horizon is then distinetly visible, and the observation can be depended on. But it sometimes hap- 

ens that there are no Stars on the Meridian at Twilight. In that case, if an Altitude be observed at Twilight, either 

efore or after it passes the Meridian, and the time noted by Chronometer, the Latitude is found by the preceding rules 
as correctly as if its Meridian Altitude had been observed. In the two last Examples, the Planet Jupiter passed the 
Meridian after darkness bad set in, but his Altitude was obtained in good Twilight, 50 minutes before that time. Saturn 
liad passed the Meridian in strong Sun-light, and 80 minutes afterwards, or a8 soon as he became visible, his Altitude 
was observed aud the Latitude found as above. 


116 NAUTICAL ASTRONOMY. 


FINDING THE VARIATION OF THE COMPASS BY AN AMPLITUDE. 


An Amplitude means the Distance of any Heavenly body from the True East or West points of the 
Horizon at Rising or Setting. and is found by inspection in Table XXXV, by entering it with the Latitude 
of the Ship at the side, and the Declination of the body at the top, and at the angle of meeting will be the 
required Amplitude in degrees and minutes, to be called East in the morning and West in the evening, and 
towards the North or South, according as the Declination of the body is North or South, as the following 
figure will show : 


DIAGRAM 
Of an Amplitude in 45° North Latitude. 
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This Figure represents the North Pole of the Heavens elevated above the Horizon equal to the Latitude 
of the place, and the Celestial Equator at Right Angles to it. The line drawn perpendicular to the Hori- 
zon is called the Prime Vertical Cirele, and which passes through the East and West points in the centre. 
The dotted Circles on each side of the Equator are the Sun’s Parallels-of Declination North and South. 
The Circles from the Zenith passing through the Sun’s place in the Horizon, are called Amplitude Circles, 
and measure the Sun’s Amplitude or Distance from the East or West points of the Horizon. 

Hence, it will appear that the Sun and all the other Heavenly Bodies Rise and Set to the Northward of 
the East and West points, when their Declinations are North, and that they Rise and Set to the Southward 
of the East or West points when their Declinations are South. 


EXAMPLE 1. EXAMPLE 2. 
June 21st, 1854. Required the Sun’s True Amplitude 


ine December 21st, 1854. Required the Sun’s True Am- 
at Rising and Setting, in Latitude 45° N. 


plitude at Rising and Setting. in Latitude 45° N. 


Answer.—The Sun’s Declination on the 21st of June is 
23° 28’ N., with which and the Latitude 45°, the true Am- 
plitude is found in Table XX XV, at Rising, to be E. 34° 
20’ N., and at setting W. 34° 20' N. 


EXAMPLE 3. 


March 21st, 1854. Required the Sun’s True Amplitude 
at Rising and Setting, in Latitude 45° N. 


_ Answer—The Sun being on the Equator, his Declina- 
tion is 0°; he therefore Rises and Sets in the East and 
West points of the Horizon. 


Norr.—All heavenly bodies whose Declinations are 0° 0’ 


True West point. 


Answer.—The Sun’s Declination on the 21st of Dee. 
is 23° 28’ S, with which and Latitude 45°, the True Am- 
plitude is found in Table XX XV, at Rising, to be E. 34° 
20’ S., and at Setting, W. 84° 20'S, © 


EXAMPLE 4. 


Sept. 21st, 1854. Required the Sun’s True Amplitude 
at Rising and Setting, in Latitude 45° N. 


Answer.—The Sun being on the Equator, his Declina- 


tion is 0°; he therefore Rises and Sets in the East and 
West points of the Horizon. , 


Rise in the True East point of the horizon, and Set in the 


Hence, when the Sun’s or Moon’s Declination is 0° 0’, that is, when they are on the Celestial Equa- 


tor, and their Bearing be taken by an Amplitude Compass, when Rising or Setting, if they bear hy Compass East or 


West, there is no Magnetic Variation. 
the amount of Magnetie Variation Westerly. 


But suppose the Sun was observed to Set by Compass W. 12° N., that would be 
Or, suppose he was observed to Set West 12°8., that would be the 


amount of Magnetic Variation Hasterly, and he would rise in the first case E, 12° S., and in the second ease, E. 12° N., 


which would furnish the Variation in the same manner. 
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FINDING THE VARIATION OF THE COMPASS BY AN AMPLITUDE. 
The manner of observing the bearing of the Sun, or other heavenly body, at rising or setting, by an 


Amplitude Compass, and other remarks connected with the observation, will be found at page 81. 

When the Magnetic Amplitude, or bearing of the body by the Compass, and the True Amplitude, 
are both on the same side of the East or West. points, that is, when they are both North or both South, 
their difference is the Variation of the Compass. 

But when one is North and the other South, their Sum is the Variation, and the following Diagram will 
show whether the Variation is Easterly or Westerly. 


DIAGRAM, 
Showing Easterly and Westerly Variation. 
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EXAMPLE 1. 


April 8d, 1854. In Latitude 38° 30’ North, Longi- 
tude 52° West, the Sun was observed to Set by Compass 
W. 22° N. Required the Variation of the Compass. 


April 2, Sun's Declination 4° 55’ N. aud Lat. 38° 30’ N. 


In Table XX XV, gives the True Ampli...W. 6 23 N. 
Sun’s bearing by Compass at Setting..... W.22 ON. 
DEeTOG \ STintlOle te atsos bss 2-5. os Cae “15° 3 87’ W. | 


or 14 points, (nearly,) Westerly. 


EXAMPLE 2 


Oct. 9th, 1854. In Latitude 40° South, Longitude 75° 
West, the Sun was observed to Rise by Compass E. 9 
N. Required the Variation of the Compass. 


Oct. 8th, Sun’s Declination 5° 52’ S. and Lat. 40° 0’S. 


In Table XX XV, gives the True Ampli. E. 7 51 S. 
Bearing by Compass at Rising......... i.9 ON. 
| Magnetic Variation .,..-s45..--.«.-:- 16° 51’ E, 


or 14 points Easterly. 


Taking the 1st Example, and referring it to the above Figure. it will be perceived that both Amplitudes 
are to the North of the West Point, their difference is therefore the Variation; and looking towards the 
Sun's bearing by the Compass, the true Amplitude is on the left of the Compass bearing; the variation is, 
the-efore, Westerly. 

In the 2d Example, (and referring it to the same figure,) one Amplitude is on the North and the other 
on the South of the East Point, and their Sum is the variation. 

And looking towards the bearing of the Sun by Compass, the true Amplitude is to the right of the 
Compass bearing; the variation is, therefore, Easterly. | 

And in the Ist Example, if we make the Compass bearing coincide with the North point in the above 
Figure, the true Amplitude will then be on the West side of the North: hence it is called Westerly varia- 
tion. And in the 2d Example, in like manner, the true Amplitude will be on the East side of the North ; 
hence it is called Easterly variation. 

In the above Examples the Latitude used is that brought on from Noon by Dead Reckoning,and the Sun’s 
Declination taken out for the nearest Noon, but if greater accuracy is required, the Declination must be cor- 
rected to the time of the observation, by Table XI; but this is seldom necessary at Sea. 


QUESTIONS FOR EXERCISE. 


Question 1st—July 3d, 1854. In Latitude 9° 36’ South, the Sun’s bearing by Compass at Rising was 
BE. 12° 42’ N. Required the Variation. 
» Answer.—The True Amplitude is E. 23° 


Question 2d.—Sept. 21st, 1854. In Latitude 
was West 6° 15’ South. Required the Variation. 
Answer.—The True Amplitude is W. 1° 7’ N., 


22’ N., and the Variation 10° 40’ Westerly. 
26° 32’ North, the Sun’s bearing by Compass at Setting 


and the Variation 7° 22’ Easterly. 
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FINDING THE VARIATION OF THE COMPASS FROM AN AZIMUTH. 


An Azimuth means an Angle at the Zenith, contained between the Meridian of the Observer and a Circle 
of Altitude passing through the body. 


DIAGRAM 
Of an Azimuth in 383° North Latitude. 


Fie. 19. 
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In this Figure the Sun’s True Altitude is 25°, his Declination 17° South, and the Latitude 38° 30’ Nort* ; 
and it will be perceived that the Co-Altitude, or the Sun’s distance from the Zenith, the Polar Distance, 
and the Co-Latitude are given, which form the three sides of an Oblique Spherical Triangle, to find the 
Angle of Azimuth at the Zenith, which is measured on the Horizon by a Cirele of Altitude passing through 
the body, and cutting the Horizon at right angles. The Azimuth Angle in the above Figure is meas- 
ured Wie the North point of whe Horizon. because the North Pole of the heavens is elevated, and it contains 
141° 46’: but for convenience’ sake its Supplement is generally used, that is, what it wants of 180°, and 
is ees from the opposite point of the Horizon. because the Sun is South of the observer in North Lati- 
tude. and North of the observer in South Latitude. 


RULE. 


Correct the Sun’s observed Altitude by Table IX. Correct the Sun’s Declination by Table XI, and find his Polar 
Distance by adding the Declination to 90°, when the Latitude and Declination are of contrar y names, or taking the 
diference between. it and 90° when they are of the same name. 

Then add together the Sun’s Polar Distance, his True Altitude. and the Latitude. Take half their Sum, and take 
the difference hetveen the half Sum and the Polar Distance, which call the difference. 

Enter Table XX VII, and take out the Log. Seeant of ia Altitude, and also the Log. Secant of the Latitude. 
Enter Table XX VIII, and take out the Log. Co- Sine of the Half Sum and the Log. Co-Sine of the Difference. Add 
together these four Logs. and their Sum found in Table XXLX, will give an angle i in time. Turn this into Degrees 
and Minutes by Table XXVI, which will be the Angle of Azimuth required, To be reckoned from the South in 
North Latitude, and from the North in South Latitude ; towards the East in the morning, and towards the West in 
the afternoon, 


The Magnetic Azimuth having been observed by the Azimuth Compass, as directed at page 81. at the 
the time of taking the Altitude. Then the difference between the True Azimuth and the Magnetie 
Az. muth, (both of which being reckoned from the same Meridian,) is the Variation of the Compass when they 
are on the same side of the Meridian, that is, both East or both West: but when one is East and the other 
West, their Sum is the Variation. 


Finding the Variation at Noon. 


In High Latitudes, where the Sun’s Meridian Altitude is low, the variation may be found at Noon, from 
the Magnetic Azimuth observed. But to do this, it is necessary to have the watch previously regulated 
to Apparent Time at the Ship, so that the Sun’s Azimuth bearing may be observed at the instant the 
watch shows 12 o’clock ; because the Sun is then True South in North Latitude, and True North in South 
Latitude. And supposing the bearing by the Azimuth Compass to have been South also, there would in 
that case be no variation. On the other hand, if the bearing by the Azimuth Compass was S. 22° 30’ Wiss 
then there would be that amount of Magnetic Variation Westerly ; ; but if the bearing by Azimuth Compass 
had been S. 22° 30’ E., then there would be that amount of Magnetic Variation Easterly 
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EXAMPLE 1. 
February 2d, 1864, Sea Time, in Latitude 38° 30’ N., Longitude 60° W., the Altitude of the Sun’s Lower Limb 
was observed to be 24° 50’, and his Magnetie Azimuth S. 16° 0’ E.,at about 9h 30m in the forenoon, Height of the 
eye 18 feet. Required the Variation of the Compass. 


Sun’s Declination, February 1st, Table X.. 17° 6'S. Observed Altitude Sun's Lower Limb.. 24° 50’ 


Corr, for Lon. 60° W., Table XI, Subt. 3 ae ae Orr. Ea bleak. Uae lout ae ch aie Add 10 
Corr. for Time before Noon, 2h 80m Add 2 a Sun's True Altitude. /....eecessckcce 25° «0! 
Sun’s Correct Declination. ............-. Dia Se. 
90 O 
mls Fomr Tstanes: .| ogee eae ee< 10g SB 
rane TEIN De et eee OB Ou ee Lee Log. Secant verry 0.04279 
PMUGGG. 6 oven ven step aer esas he recess 88 80... ek Peet Log. Secant Pape ee tat 0.10646 
RO Sis. 5 x cpr leteta Raat iad hee oh or ea tiety 170° 35’ . 
PASE FHUOY. 4 a» cp nents © o <5 0x abe air wate eS CART ee eva coat ere Log, Co-Sine lina ble XXVIII bie 
Difference. . WOES Ate Tre es Log. Co-Sine } 6 
’ Fig. 19, ‘Supplement af the ‘Angle i in Time, 2h 32m 517s, Table XXIX...... Log 9. 9.03050. 
Turned into space by Table XX VI, gives the True Azimuth. ............... S. 88° 14’ E. 
Magnetic Azimuth......... 16 -0''R. 
Magnetic Variation. .2......¢. 22° 14’ Westerly. 
DIAGRAM, 


Showing Easterly and Westerly Variation. 
Fie. 20. . 


In the above figure, (to the left), both Azimuths are on the same side of the Meridian, and their Differ- 
cnee is the Variation ‘Westerly, because the True Azimuth is to the Left of the Magnetic Azimuth. 


EXAMPLE 2. 


April 16th, 1854, Sea Time, in Latitude 40° N., Longitude 120° W., the Observed Altitude of the Sun was 32° 15’ 
Magnetic Azimuth S. 57° 22’ W., at about 3 P.M. Required the Variation. 


April 15th, Sun’s Declination.............. 9° 45’ N. Sun’s Observed Altitude Lower Limb.... ....32° 15’ 
Corr., Leng. 120° W., Table XI, 7’ fer 10 Corr, Sain Pais le alk nik <taveck Wate . Add 10 
Corr. for 3h past Noon... 03 7 Salih Sun’s True Altitude............ Sug eT Sate 
Sun’s Correct Declination’. Pe Kee Chee 97 bh’ 
Oe at 
Sin'e.Polar Distance... ..gegee esse tse... 80° 5° 
Jorveet Altitudes 5. '.5 ces omen ens Sey ss B92. 26. . osigts SPU pai ti» 1a LORy PORES rqy 0.073857 
Latitude. ........ Ee boo UN ware a Wate ale 40~° 0" 1. omnes Patience» d'e'ees LIOR PeCRUD { Table RAVE 011875 
Sum..... a's Gres Sg'Gl on aha Wide ate in Oe ge itn 152° 30 
Half Sum....... gid ooneg. oh Beeb T6. 10" Log. 0o-Sine 4.37600 
BPMETOD OR 2 5 dU isis wine Fo cid tials wea 8 Sealeekiatin 3250! sin BARON by oi, 34:0 Log. Co-Sine cope RXV I 4.99908 
wagte' in Time th fom eiemPable X XIX Amey sas ss chicks lg en ES eB neus . Log. 9.564385 
Turned into space by Table XXVI, gives the True Azimuth............. S. 74° 33’ W. 
Magnetic Azimuth.......... S. 57°.22' W. 
Magnetic Variation............ 17° 11' Easterly, 


Beeause on referring to the above figure on the right, we find the True Azimuth is to the Right of the Magnetic 
Azimuth. 
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EFFECT OF LOCAL ATTRACTION ON THE SHIP’S COMPASS. 


This is a very important matter for investigation, and should be attended to at the earliest possible oppor- 
tunity, because, in consequence of not knowing that Local Attraction existed on board. many vessels have 

rrecked trom that very cause. 
oshageers large aauntttlcs of Iron now used in the construction of Ships, besides the quantities which 
they carry to and fro, and stowed in different parts of the vessel as cargo, renders every Ship liable to 
have her Compasses deranged by Local Attraction. And the general effect which fron, situated in the for- 
ward part of a vessel, has on the Compass, is to. draw the North end of the Needle forward in North Lat- 
itude. and the South end of the Needle forward in South Latitude, and which the following Diagram will 


show : 


DIAGRAM, 
Showing the Effect of Local Attraction. 


Fie. 21. 


° When the Attracting Force is Forward. 


In the above figure, the dotted line will show the course intended tobe steered, which in the one case is 
East. But the North end of the Needle being drawn forward from the effect of the Local Attraction, 
(caused by the Iron forward acting on it), the Ship is actually going E. by S.: and in the other case, 
steering West. the North end of the Needle being drawn forward in like manner, the Ship is actually going 
W. by S. 

Now suppose the Ship to steer North, the North end of the Needle will point in the direction of the dis- 
turbing force, and which being then on the same line as the Magnetic Meridian, no Local Attraction will 
be perceptible. 

Hence, when the Ship’s head is at North or South, little or no deviation will be found in the Compass: but 
when her head is at East or West, or nearly so, the greatest deviation may be expected. The above figure is 
drawn for North Latitude, but by substituting South for North, it will answer for South Latitude. In that 
ease, the South end of the Needle 1s drawn forward from the effect of Local Attraction, and in steering 
East, in the one case, the Ship would actually be going E. by N.; and in the other case, steering West, 
the Ship would actually be going W. by N. 


When the Attracting Force is Abaft. 
° 


We have hitherto been considering the case where the Attracting Force is situated forward in the vessel, 
but it sometimes happens that it is situated abaft the Steering Compass, as in the ease of some Steamships, 
where the Steering Apparatus is placed in the forward part of the vessel; and in this case, on referring to 
the figure in North Latitude steering East, the North end of the Needle is drawn aft, when the Ship would 
actually be going E. by N. Again, in steering West, the North end of the Needle being drawn aft, the 
Ship would actually be going W. by N. 

"n South Latitude, and supposing the disturbing force to be abaft the Compass, the South end of the 
Needle is drawn aft, and in steering East the Ship would be going E. by S., and in steering West, she 
would be going W. by 8. 

Having thus shown the effect of Local Attraction on board Ship, the most practical remedy derived from 
experience in this matter, is as follows: 


LOCAL ATTRACTION. bt 


FINDING THE LOCAL ATTRACTION ON BOARD SHIPS AT SEA. 


Contrivances to Counteract Local Attraction not to be Depended on. 


Many contrivances have been proposed to counteract the Local Attraction on board Ships where it is 
known to exist, but none of them can be depended upon under all circumstances ; especially in merchant 
vessels, where it is liable to vary at different times, and from the fact that the Poles of the Magnetic Needle 
change their attracting power on entering the Southern Hemisphere. 


Mode of Detecting Local Attracteon. 


The eet mode of detecting Local Attraction on the Ship’s Steering Compass at Sea, is to observe 
an Amplitude, that is, to take the bearing of the Sun at rising, by it, as directed at page 81, and find the 
variation of the compass by the Rules given at page 116, at the time the Ship’s head is in a. Northerly or 
Southerly direction by the Compass. Repeat the operation at Sunset, at the time the Ship’s head is in an 
Easterly or Westerly direction. Then, if the variations so found abres within one degree of each other, 
(allowing for a probable error in the observations,) it may be concluded that there is no Local Attraction 
of any consequence on board. 

But if they do not so agree, the. difference will be the amount of the Loeal Attraction which exists on 
board. Always providing that the variation found when the Ship’s head was at North or South, agrees 
with that laid down on the newest Charts. 

By ascertaining the variation from bearings taken by the Steering Compass (or one iiranied near the 
Binnacle) with the Ships head in any given direction, we have the whole amount of the deviation of the 
Compass from the true Meridian due to the course on which the vessel is then steering. This includes 
both Variation and Local Attraction, and is the proper quantity to be allowed in correcting the course steered 
toa True Course. And when the course has been changed, the variation should again be found in like 
manner, and applied in the room of that taken from the Charts. 

Local Attraction may also be detected by the bearing of objects on the Land, when, after allowing the 
variation proper to the place, they do not agree with the True Bearings. The Steering Compass will also 
show Local Attraction when the Ship operas to sail within 5 points “of the wind on the one tack, and 7 
points from the wind on the other. 


The Binnacle. 
. . . 
One Steering Compass only should be used, because when there are two near each other, the one attracts 
the other, and the Binnacle should be constructed so as to prevent improper substances (such as iron) being 
placed therein. 


On Fixing the Standard Compass as a Remedy 


When Local Attraction is decidedly known to exist on board, the only proper remedy is to fix up a 
Standard Compass on some part of the vessel’s deck, which shall be free from all Local Attraction. This 
ean only be ascertained from actual trial, and in some Ships the Standard Compass requires to be raised 5 
or 6 feet. more or less, above the deck. In general, the most convenient place for fixing it. is on the Centre 
Line of the Quarter Deck, where the true direction of the Ship’s head, or the bearing of the land, can at 
any time be easily ascertained. Observations of Amplitudes or Azimuths should also be made with this 
Compass, if it be provided with proper sight-vanes, otherwise with the Azimuth Compass on its szte. 

The Course must be shaped by the Standard Compass, and when the Ship’s head is exactly in the proper 
direction by the Standard Compass, note the direction of her head by the Steering one, and which will be 
the approximate Course required to steer by that Compass, in order to allow for the effect of the Local 
Attraction. and the difference between the two Compasses is the amount of the Local Attraction on board, 
(so long as the Ship’s headycontinues in the same direction,) but on changing the Course this difference 
between the two Compasses will be found to vary according as her head approaches to or recedes from the 
Magnetic Meridian. When the Ship’s head is at North or South they will be found to agree nearly, 
because the disturbing force is on the same line as the Magnetic Meridian, and the greatest difference will 
be found when her head is at East or West, as previously explained. Consequently, when it is required 
to change the Ship’s course, she is brought to her proper course by the Standard Compass, and the direction 
of her head then shown by the Steering one is the approximate course required to steer. The correctness 
of the Standard Compass may be further verified by taking Amplitudes, &c., with the Ship’s head on all 
the points of the Compass ; then, if the variation so found agree with that assigned to the place of obser- 
vation, and with each other, the Compass is correct. All bearings should be taken with this Compass, 
and the courses made good by this Compass, when the Ship is close-hauled, must be entered on the Log 
Board, in the room of those by the Steering one. 
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FINDING THE TIME AT SEA. 


It will be necessary here again to premise that there are three different modes of reckoning Time, with 
respect to the commencement of the day, viz., Civil, Astronomical, and Nautical. 


- The Civil Day, 


Which is that used by the generality, of mankind, begins at Midnight and ends at the Midnight following. 
[t is divided into two equai parts of twelve hours each. The first is marked A. M., signifying before Noon, 
and the latter P. M., or afternoon. _ . 


’ 


The Astronomical Day 


Begins 12 hours after the Civil Day, that is, at Noon, or when the Sun’s centre is on the Meridian, and 
ends at the following Noon; .and-it is reckoned through-the 24 hours, from Noon to Noon; and what are 
called the morning hours of the common day are by Astronomers reckoned in succession from 12, or mid- 
night, to 24 hours. So that 8 o’clock on the morning of June 5th, Civil Time, is by Astronomers called 
June 4th, at 20 hours. ; 


The Nautical, or Sea Day, 


Commences at Noon, or 12 hours before the Civil Day, and 24 hours before the Astronomical day, and 
ends at the Noon of the Civil Day. and at the beginning of the Astronomical Day. It is divided into two 
arts of 12 hours each; the former being marked P. M. and the latter A. M., so that occurrences which 
happened, for instance, on Sunday, the 10th, afternoon, Civil Time, are entered in the Log as Monday, the 
Tith, P.M. ; 

Hence it appears that the Noon of the Civil Day, the Beginning of the Astronomical Day, and the End 
of the Nautical Day take place at the same period of time. 

Time, as inferred from observations of the Sun, is denominated Apparent and Mean Solar Time. 


Apparent Time, 


Is that which is immediately derived from the Sun, either from the middle of the times of his Equal 
Altitudes, that is at Apparent Noon, or by observing his Altitude at a proper distance from the Meridian. 


Mean, or Uniform Time. 


Is that shown by Clocks, or Watches, which keep a constant, uniform time throughout the year. 

The reason of these two different modes of dividing Time is explained in Figure 4, page 62, and is 
caused by the unequal motion of the Earth in her orbit, combined with the inclination of its axis to the 
plane of the Eeliptic. 7 

The difference between Apparent and Mean Time is called the Equation of Time. and amounts to over 
16 minutes sometimes. It is computed for the Noon at Greenwich, and set down on page Ist of the 
Nautical Almanac, against the day of the month, throughout the year, and the precept at the head of the 
column shows whether it must. be added to or subtracted from Apparent Time, to obtain Mean Time. 


The Greenwich Date, 


Or the Mean Time at Greenwich, is referred to, because it is for the Time at this Meridian that the 
elements of Astronomical calculations (which are in perpetual change) are giveg in the Nautical Almanac. 
The Greenwich Date is therefore always expressed in Mean Time, (unless the contrary is notified,) and 
it may be defined as being the time at Greenwich, corresponding to any given time elsewhere, and in taking 


observations at Sea, the Noon at Greenwich is referred to, in order to find on which side of Greenwich Noon 
the observation has been made. 


Nore.—In observing Altitudes for time, the observation should be made when the body is on or near the Prime Ver- 
tical, that is, when it bears true East or West; because then, errors in both the Latitude of the observer and of the 
Altitude observed, produce the least effect on the Hour Angle. 

In general, the change of Altitude should not be less than 6 minutes to 1 minute of time. An error of 1 minute in 
the Altitude would then produce an error of about 10 seconds intime. In High Latitudes, an errorin the Latitude 
produces a great effect on the Hour Angle. 


On the other hand, in the Tropics the time can be more correctly determined when the body is at less than an hour 
from the Meridian than when at several hours from it in High Latitudes. 
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FINDING THE APPARENT TIME FROM AN ALTITUDE OF THE SUN. 


This is-one of the most important proble:ns in Nau‘ical Astronomy, and for the solution of aaa 
require to have the Altitude and Polar Distance of the body, and the Latitude of the place of bata 
being three sides of an Oblique-Angled Spherical Triangle given, to find the Hour Angle at the Pole, and 
which is measured on the Celestial Equator. between the Meridian and the Time Circles. 


Diacram of an Hour Angle. Latitude and Declination of the Same Name. 
Fig. 22. 
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Dracram of an Hour Angle. Latitude and Declination of Contrary Names. 
Fig. 23. 
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In Figure 22. the Sun is on the Prime Vertical, the Latitude and Declination being of the same name, the 
Declination subtracted from 90°, gives the Polar Distance. 
In Figure 23, the Latitude and Declination being of contrary names, the Declination added to 90°, gives 
the Polar Distance. 
RULES FOR USING THE TABLES. 


Ist. Add together the Sun’s True Altitude, the Polar Distance, and the Latitude of the place of Observation, find 
the Half Sum, and the Difference between the Half Sum and the Sun’s True Altitude. 

2d. Tothe Logs. of the Polar Distanee, and Latitude found in Table XX VII, add the Logs. of the Half Sum and 
Difference found in Table XXVIII, and the Sum of these four Logs. found in Table XXIX, will give the Sun's 
Hour Angle, at the Zop of the Page and which is also the Apparent Time from Noon, when the Altitude is observed 
in the Afternoon. But when the Altitude is observed in the Forenoon, the Apparent Time from the preceding Noen, 
or Midnight, is found at the Bottom of the page. 


EXAMPLE 1. EXAMPLE 2. 

Figure 22. Given the Suft’s True Altitude, 37°, Polar Figure 23. Given the Sun’s True Altitude, 13° 26, 
Distance, 66° 83’, and Latitude 40° 48’ N. Required | the Polar Distance, 118° 27’, and Latitude 40° North. 
the Hour Angle. Required the Hour Angle. 

Sun’s True Altitude........ 37° 0’ Sun’s True Altitude........ 13*.,26' 

Polar Distance. /.......0%. 66 383 ....Log. 0.08744 | Polar Distance........ ... 113 27 ....Log. 0.08744 
Batiiurte ih... 5 occas sce cses 40 43 ....Log. 0.12036 | Latitude in........... one. 40 00....Log. 0.11575 
tL ss pai nls v'os SARE . 144° 16’ BHEREES Ay: «.«, cts 'ok tinh ana 4 166° 53’ 

BEGIN oti oo cae 72° 8’... Log. 4.48686 | Half Sum........... fee. c, 88° 27's. og, 4 NERY 
Sun's True Altitude........ 37 0 Sun’s True Altitude........ 13 26 

Bfrerence 5... 2. ne sdee-s 35° 8'....Log. 4.76003 | Difference...... bes SS 70° 1'....Log. 4.97803 


Hour Angle..... Ce 4h. 2m. 4s. ... Log. 9.40469 | Hour Angle............ 8h. 3m.55s. .. = 9.18339 
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FINDING THE TIME AT SEA BY THE SUN. 


Method of Observing Altitudes for Time. 


Hold the instrument with the right hand and the watch in the left; bring the Sun’s Lower Limb in 
contact with the Horizon, and clamp the Index, and at the instant the Second-hand of the watch has com- 
pleted the full minute, bring the Sun’s limb in contact by using the Tangent screw ; note the Time by the 
watch and read off the Altitude, and write them down. When the Second-hand of the watch has again 
completed the full minute, take the Altitude, &c., as before, and write them down. This may be repeated 
three or five times. In general, three Altitudes, and their corresponding times, is sufficient. If the 
difference between the Altitudes, or the Sun’s change of Altitude in one minute of time, correspond with 
each other, it is a guarantee that the Altitudes have been correctly observed; but if they donot so agree, 
add them together, and divide by the number taken, will give the mean of the Altitudes corresponding to 
the middle of the times they were taken, which may be taken as the correct observed Altitude 


EXAMPLE. , EXAMPLE. 
A. M,, 21st J one; in Latitude 40° North... «|. PVM, December 21st, in Latitude 40° North. 
Alt. L, Limb. ...87° 13’ .0” Time by Watch, 3h. 58m. | Alt.of L. Limb.... 13° 26’ Time by Watch, 3h. 3m 
25 30 3°59 19 4 
38 60 peat: Sia 10 5 
Obs. Altitude. .: 37° 25°30" Time........ 3h. 59m. | Number taken... 3)55 3)12 
This Altitude has heen correctly taken. Obs. Altitude. .... 18° 18" 20a. we ee 3h. 4m 


| The above Altitudes have not been correctly taken. 


To Find the Apparent Time, and thence the Mean Time, at Ship. 
RULE. 
To Correct the Altitude. 


1, Add the Correction, taken from Table [X, to the Sun's Observed Altitude, will give his True Central Altitude. 


To Find the Greenwich Date 


2. Turn the Ship’s Longitude into Time, by Table XX VI, and Add it to the Time of the Observation by Wateh in 
West Longitude, or Subtract it in East will give the approximate Greenwich Time, which, if before Noon, Subtract 
it from 12h, will give the Time from Greenwich Noon, A. M., otherwise it is the Time from Noon, P. M. 


To Correct the Declination. 


3. Take out the Sun’s Declination from the Nautical Almanag, against the Day of the Month, and the Difference, 
or Change of the Declination in one hour, found in the adjoiuing column, Multiply this Difference for 1 hour by the 
Time from Greeuwich Nvon, atid divide by 60, will give the Correction in Minutes and Seconds. 


To Correctsthe Equation of Tzme. 


4. Take out the Equation of Time from the Nautical Almanac in like manver, and the Difference, or Change of 
Equation in one hour, (which is gtven in Decimal parts of a Thousand,) found in the adjoining column. Multiply 
this Difference for 1 hour by the Time from Greenwich Noon, and strike off the Right-hand figure, prefix a Decimal 

int to the Left of the next two figures, which are now hundredth parts of a second, and the figure to the Left-hand 
is Seconds of Time, and is the required correction. | 


_ For Applying the Corrections for Declination and Equation. 


5. Inspect the columns in the Nautical Almanac, and ascertain whether they are . - or Decreasing, 


' Greenwich Time. Before Noon. Declination or Equation. .... ARGS } Toerensing; Subtract, 
Decreasing, Add, 
Greenwich Time. After Noon. Declination or Equation...... kacrih oles Increasing," Sdi, 
: Decreasing, Subtract, 


to or from the Declination, or the Equation of Time, taken from the page in the Nautical Almanac, will give the 
Corrected to the Greenwich Time of the Observation. a . ‘ 


To Find the Sun’s Po.ar Distance. 


_ 6, Subtract the Declination from 90°, when the Latitude and Declination are of the same name, or Add the Deeli- 
nation to 90° when they are of contrary names. 
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FINDING THE APPARENT TIME, AND THENCE THE MEAN TIME, AT SHIP. 


To Correct the Latitude to the Time of the Observation. 


". The usual mode of doing this at Sea, is to:find the Difference of Latitude the Ship has made in the interval be- 
tween the time the Sights were taken and Noon, (the correct Latitude having been obtained from the Sun's Meridian 
Altitude), and applying it to the Latitude Observed, according to the course the vessel has been steering, viz: 


- : ae . Sailing North Subtract Difference of Latitude. 
een Poole Saag Ort Latitude } Sailing South, Add Difference of Latitude. 


Sailing North, Add Difference of Latitude. 


ae once: ater pd ighles Latitude } Sailing South, Subtract Difference of Latitude 


Which will give the correct Latitude of the Ship at the time of the Sights. To apply this Rule in South Latitude, 
we substitute South for North. is ; 

Thus having the Sun’s True Altitude, Polar Distance, and the Correct Latitude of the place of Observation, find 
the Apparent Time by the Rule for using the Tables already given at page 128. 

To the Apparent Time apply the Equation of Time as directed in the precept at the head of the column headed 


Equation of Time, in the Nautical Almanae, by Adding or Subtracting it, and the result is the Mean Time at the 
Ship. 


EXAMPLE 1. 


April 80th, 1854, (Noon at Sea), in Longitude by Dead Reckoning 25° 0’ W., the Observed Altitude of the Sun’s 
Lower Limb was 22°.7’.. Time by Watch, 7h 6m in the Morning. Ship then sailed on a true N. E. by E. Course, 
85 miles, until Noon, when the Latitude observed was 36° 32' N. Required the error of the Watch on both Appa- 
rent and Mean Time. ) 


Obs. Alt... 22° 7’ a T. by Watch. ‘Th 6m Decl. 30th April...14° 45’ 31’ N. Diff. for 1h...... 46 


Corr., Tab. ) Lon, 25° W. ) DOVNNeS. sos es Sub. 2 29 G.'T. from Noon 34h 
10 de phe 1 40 a aee ae Sa 
IX..... in Time.. Correct Decl...... 14° 43” Qs 138” 
True Alt... 22° 17’ Greenwich. ) sh 46m 99 0 0 11 
Polar Dist.. 75 17 Log. 0.01449 Time, A.M.f °" Polar Distance....75° 16’ 58” 60)149.” 
Latitude.... 86 13 Log. 0.09324 Subt. from.. 12 0 Dons a 99 7 
Sum...... 138° 47’ G. T. from Sey 6 ees 3 
“Half Sum.. 66° 54’ Log. 4.59366 Noon... Equa. of Time......2m 58858 Diff. for Ih...... 328 
Difference... 44° 37/ Log. 4.84656 : O77 5 ee ge FA Sub. 1 06 G. T from Noon.. 3hh 
App. T...7h 8m 19s. Log. 9.54795 ’ Correct Equation.. ..2m 52s°52 984 
Equa.of{ 4 58 Course N. E. by E. 35 miles = D, Lat.. 0° 19’ Pas 
Time.. = | Latitude observed at Noon............86 32 N. Dorr: isso 4 wks eee 
—— . A . ne a es 
Mean T. th Bm 26s _ Latitude in at Time of Sights........ 36° 13 N, 
at Ship. | ©” 
T bv... 
Wateh. tr ae 
Watch...... Om 348 fast of Mean Time. 


And Watch.2m 19s slow of Apparent Time. 


Nore.— When the Sights are taken inthe Morning, we look for the sum of the 4 Logarithms in Table X XIX, and 
take the time from the bottom of the page, and if the figures are found exactly, the Hours are found at the bottom, the 
Minutes at the right side opposite the Logarithm, and the Seconds in the same column at the bottom of the Table. 


But if the Sum of the 4 Logarithms cannot be found exactly, take the nearest less Logarithm, and find the difference 
between it and the given Logarithm, with which enter the adjoining proportional columns, and take out the 2orrespond- 
ing Seconds of Time, which must be sudtracted from the Seconds found at the bottom of the column from wnence the 
‘nearest less Logarithm was taken, which will be the Apparent Time from the preceding Noon or Midnight. 


When the Sights are taken in the Afternoon, the time is taken from the top of the Table. And in like manner, we 
must look for the nearest less Logarithm, and find the difference between it and the given one, and the proportional 
parts for Seconds, found in the adjoining colump, must be added to the Seconds found at the top of the column, from 
whence the nearest less Logarithm was taken. 


. ‘All-Hour Angles are taken from the top of the page, and which is also the Apparent Time past Noon by the 
un, 
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FINDING THE TIME AT SEA BY THE SUN. 


EXAMPLE 2. 


April 80th, 1854, (Noon at Sea), in Latitude by Observation 36° 32' N., Longitude 24° 26’ W.,the Sun’s Observed 
Altitude was 13° 48’. Time by Watch, 5h 80m in the afternoon, and the Ship had sailed since Noon on a true 
E. N.E. course, distance 29 miles. Required the Error of the Watch on both Apparent and Mean Time. 


Obs. Altitude..... 13°48’ Time by Watch P. M. .5h 30m 0s Deel. April 80th. 14° 45’ 31” N. Diff. for lh 46” 
Corr., Table IX... 8 Lon. 24°26’ W.intime. 1 87 448 Decl. Increasing, Add 5 22 Th 
True Altitude. ....18° 56’ Greenh. Time P. M.... 7h 7m 44s Correct Decl.... 14° 50’ 53’ N. 60)322 
Polar Distance.....75 9 Log. 0.01475 ; 90 0 0 Corn. eno 
Dristades. ocsccis 36 43 Log. 0.09604 ‘ Polar Distance. . 75° 9° 4" 

125° 48" Equation of Time April 30th 2m 53858 Diff. for lh °328 
Half Sum....... 62° 54’ Log. 4.65853 . Equation Increasing... ..Add 2-29 Th 
Difference........ 48° 58’ Log, 4.87756 - Correct Equation........... 2m 56827 Corr.......2°296 
App. Time...5h 84m 3s Log. 9.64688 Course E. N. E. 29 miles = D. Latitude 0° 11’ 
Equa.....Sub. 2 56 i ae Latitude observed at Noon...........5. 36 32 N. 
Mean Time...5h 31m 1s Latitude in at time of Sights........... 86° 43’ N. 
T. by Watch...5 30 0 a ; ot : + . 
ATES 5 occ 1m 4s slow of Mean Time, and 4m 8s slow of Apparent Time 

EXAMPLE 3. 


March 26th, 1854, (Noon at Sea), in Latitude by observation 12° 21'S,, Longitude 65° 30’ E., the Sun’s Observed 
Altitude was 25° 25’. Time by Watch 7h 47m in the forenoon. Ship had sailed on a N. W. Course, true, 17 miles, 
since the Sights were taken, until Noon. Required the Error of thé Watch on both Apparent and Mean Time. 


Obs. Altitude.... 25° 25’ Time by... - Voy, gy, Decl. 26th Mar. 2° 11' 40” N. Diff. for 1h, 59 ”” 
Corr. Table IX... 10 Watch A. M. Corr.......Sub 8 21 Timefm N. 8h 
True Altitude... 25° 35’ Lon 65° 3.0’ E. 4 99 Correct Decl.. 2° 3’ 19” 472" 
Polar Distance... 92 3 Log. 0.00028 ™ "me.... 99 0 0 29 
Latitude......... 12 83 Log. 0.01050 G. Time A. M. 8h 25m Polar Distance 92° 3’ 19” . 60)501” 
130° 11’ Sub. from. ...12 0 Corr. for Decl. 8’ 21” 
_ 65" 6 Log. 4.62482 Beg 0 8h sb Equation. ...5m 50302 Diff. for lh °768 
39° 81’ Log. 4.80366 Corr.....Add 6°52 8th 
App. Time... 7h 47m 9s Log. 9.43878 Correct Equa..6m 56854 6144 | 
Equa..... Add 5°57 Course N. W. 17 miles, D. Lat. 0° 12’ 384 
Mean Time... 7h 53m 6s Latitude by Obs. at Noon... 12 21 5. Corr. for Equa. 6528 
TbyeWatch.. 7-47 ~-0 Lat. in at time of Sights..... 12° 33’ 8. . 
Ws e-aye 6m 6s slow of Mean Time, and 0m 9s slow of Apparent ‘Time. 


QUESTIONS FOR EXERCISE. 


_ Quest. 1st-—May 12th, 1854, (Noon at Sea), in Latitude Observed at Noon 47° 50’ N., Longitude by Dead Reckon- 
ing 50° 80’ W. In the morning the Sun’s Observed Altitude was 34° 5’. Time by Watch 8h 6m A. M. The Ship 
had made 4’ of Diff. Latitude to the Southward since the Sights were taken. Required the Error of the Watch. 


Answer—The Apparent Time is 8h 5m 39s, and Watch fast 0m 21s. Mean Time 8h 1m 47s, and Watch fast 
4m 18s. 


Quest. 2d—On the same day as above, in Latitude 47° 50’ N., Longitude 50° 30’ W., in the Afternoon the Sun’s 
Observed Altitude was 10° 14’, Time by Watch 6h 17m’ P.M The Ship had sailed on a true W. by 8.4 8 
Course, 52 miles since Noon. Required the Error of the Watch as before. 


Answer—The Apparent Time is 6h 18m 16s, Watch slow 1m 16s. Mean Time, 6h 14m 28s. Watel fast 
2m 37s. a 


Quest. 3d—June 1st, 1854, (Noon at Sea), in Latitude 39° 25' S. by Observation, and Longitude 90°E., at Noon. In 
the Morning the Observed Altitude of the Sun was 12° 15’. Time by Watch 8h 25m A. M. The Ship hadsailed 
on a true 8. E, Course, 28 miles, until Noon. Required the Error of the Watch. 


Answer.—The Apparent Time is 8h 34m 56s. Watch fast Om 4s. Mean Time 8h 32m 20s. Watch fast 
2m 40s. : 


Norr.—In the foregoing Examples, and also those which follow, the height of the eye is supposed to be 18 feet above 
the Nea level. a 

Noon at Sea means the end of the Sea Day, and which also corresponds to the beginning of the Astrovomical Day 
and to the Noon of the Civil Day. 
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FINDING THE APPARENT TIME AT SEA BY THE SUN, WHEN THE SHIP IS ON THE 
EQUATOR. 


When the Ship is on the Equator, and the Sun is also on the Equator, that is, when his Declination is 
0, the Poles of the Heavens are in the Horizon and the upper end of the Celestial Equator is then in the 
Zenith, and the Sun rises and sets vertically. 


DIAGRAM 
Of the Hour Angles on the Equator. 


Fig. 24. 
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In this case, the Sun’s change of Altitude is 15’ in one minute of Time, or 15° in one hour, throughout 
the entire day. The time can, therefore, be as correctly found near the Meridian, that is, near Noon, as it 
can at any other time of the day, and an error in the Latitude, in working out the time, does not affect the 
result. . f 

It will be perceived by this figure, that when a Ship sails to the Southward, after leaving the Equator, 
she raises the South Pole of the Heavens, and that in sailing North from the Equator, she raises the North 
Pole, and that the Polar Distance and Hour Angles are always measured from the elevated Pole. But in 
this case, both Poles being in the Horizon, and the Sun on the Equator, his Polar Distance 90°. and the 
Hour Angles, (measured on the Equator), are the same at both Poles. 

If we therefore observe the Sun’s Altitude at any period of the day, under the above circumstances, 
and after correcting it in the usual manner, to obtain the True Central Altitude, and then subtract it from 
90°, we have the Sun’s Hour Angle at once, in space, which, turned into degrees and minutes by Table 
XXVI, will give the Apparent Time at the Ship in the afternoon, and subtracting it from 12h, will give the 
Apparent Time in the forenoon. 


EXAMPLE 1. EXAMPLE 2. 
Latitude and Declination 0; the Sun’s Observed Alti- i Latitude and Declination 0; the Sun’s Observed Alti- 


tude in the forenoon was 74° 48’, Required the Appa- | tude was 29° 50’ in the afternoon, Required the Appa- 
rent Time at the Ship. rent Time at Ship. 


Obs. Altitude L. Limb...... 74° 48’ | Obs. Altitude L. Limb........ 29° 50’ 
Corn, Tible dds... esse. veg | Corre aleripe he ks 4 ao 0 le 1U 
Sun’s True Altitude........ 75° 0! | Sun’s True Altitude.......... 30° 0’ 
90 0O | 90 0 
Hour Angle in space..... »-.15° 0! = Ih,or 1th A.M, . Hour Angle in Space...........60° 0’ = 4h Om P. M. 


Yhis may be verified by the Time Tables. as follows : 


dak Ttittse 20... elites evs 75° 20’ | True Altitude...... PRIA ot 807k 
Polar Distance............... 90 0 Log. 0.00000 | Polar Distance... ...........+. 90 0 Log. 0.00000 
BMUENGR, ccs cece = nw wnat sases (ere LOC. 0.00000 IA TIRUUC. . .<s+.0\stes acad ee --- 0 0 Log. 0.00000 
1 a Peer sree Cie "420° 0" 
OEE SUNS SUM @ i oe « « alu erates be 82° 30°. Log. 4.11570 | Half Sum’... 2... 4. 00s. es... 60° 0’ Log. 4.69895 
SIMMONS Wiese Rese ace eae Ss 86°70 PTIAGIMIG, «ose Ca dee eee o'e ee 80 0 
BIO®, eats a... ss bm eigen Oman 4.) TO TE erence,, "joie bb asthe ba dele 30° 0’ Log. 4.69897 
| 
t 


Apparent Time........... 11h Om 0s Log. 8.23140 | Apparent Time.,.........--4b Om 03 Log. 9.39794 
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FINDING THE APPARENT TIME WHEN THE SUN IS RISING OR SETTING. 


This method is upon the same principle as that of measuring the Hour Angle from the Elevated Pole, 
but in the room of observing his Altitude above the Horizon with a Quadrant, we observe with a Spy- 
Glass the contact of either of his Limbs with the Horizon at Rising or Setting, and note the time by the 


watch. 
* RULE 3 
When the Lower Limb is Observed. : 


Take the Difference between the Sun’s Semi-diameter, N. A., and the Mean Horizontal Refraction, 34’ 17’’, to 
which add the Dip of the Horizon, found in Table V. Call this the Correction. 
Correct the Declination, and find the Polar Distance, as usual. Also correct the Latitude to the place of Obser- 


vation by the rules already given. . 

Add peter the Latitude and Polar Distance, from which subtract the above Correction. Take half this Sum, 
to which add the same correction, and call it the Difference, The Appa «nt Time is then found by the usual Rule 
n working the time by the Tables. 


DIAGRAM 


Of the Sun’s Hour Angle at Rising or Setting. | 
Fic. 25. ! 


ZENITH cy is 
a 


RATIONAL 


‘SABELLA THOMS sc WEW York 


This figure represents the elements for computing the Hour Angle in the usual manner, being the three 
sides of an Oblique Angled Spherical Triangle, viz: the Co-Latitude 51° 18’, the Polar Distaace 108° 51’, 
and the Co-Altitude 90°, to find the Hour Angle at the Pole, and which, measured on the Equator, is 74° 
37’ 30 , or, in time, 4h 58m 31s. 


EXAMPLE 1. 


dan, 25th, 1854, (Noon at Sea), the Latitude Observed was 38° 0’ N.,and Longitude 104° W.,at Noon. Ship then 
sailed N, E. 60 miles, when the Sun’s Lower Limb was observed to set at 5h 3m 25s by the Watch. Required ite 
error on Apparent and Mean Time. 


Hor. Ref. 84’ 17’, ) 34’ git Time by Watch.... 5h 3m 25s Sun’s Decl. N. A.18° 57’ 58” 8. Diff. lh........37"° 
less Par 9”... Lon. 104° W.intime. 6 56 0 Corr........Sub, 7 24 G. T. past Noon.12h 


Sp Semid. N, A...16 16 Greenwich Time....11h 69m 25sP.M. Corr. Decl.18° 50’ 34” 60)444” 

Difference... ...../...1'7' 52” 90 0 0 Corr... 6.66.67! 24” 

Dip of the Horizon... 4 8 Course N. E.60 miles. 0° 42’ Polar Distance.108° 50’ 34” 

Correction. .......+ 22’ 0 Lat. Obs. at Noon.... 88 0’ N. 

Latitude at Sunset....., wos cush vate iis ets bak ea 88° 49! Log. 0.10767 

Polar Distance....... Pee re et oe eee 108 51 Log. 0.02894 Equa. of T..12m 38.55s Diff. lh. .554 
“147° 337 Corr...Add 6.65 12 

Correction........ behind. We rere eet ahs .-Sub, +22 Corr, Equa.12m 45,2038 Cor.... ..6.64.8 

147° 11’ 

Half Sum...........00. see eceececeeeveeserss 73° 86) Log, 4.45077 

a ea ee va Add 422 

Differeuee yeti gees eded i soc es Ii 73°58’ Log. 4.98277 

Apparent Time at Ship, past Noon.......... 4h 58m 31s = Log. 9.56515 

Equation of ‘Timés............0. Pe ce Add 12 465 

Mean Time at Ship............. desddesdias 5h lim 16s 

Time by Watch, Sunset.......... ryt veer 3 25 


Weoately clown MlmimsG ed... cos ne oeuidd see! 
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FINDING THE APPARENT TIME WHEN THE SUN IS RISING OR SETTING. 


RULE. 
When the Upper Limb is Observed. 


Add together the Horizontal Refraction, 34’ 17’’, the Sun’s semi-diameter, Nautical Almanac, and the Dip of ths 
Horizon, in Table V. Call this Sum the Correction. 

Correct the Decliuation and Latitude as before, and find the Sun’s Polar Distance. 

Add together the Latitude an} Polar Distanee, from which subtract the above Correction. Take Half this Sum, 
to which add the same Correction, and eall it the Difference bl 

The Apparent Time is then found by the usual Rule for working the Tables. 


DIAGRAM 
Of the Sun’s Hour Angle at Rising or Setting. 


Fig. 26. 


RATIONAL: 


This Figure is explained in the same manner as the last, except that the Latitude and Declination being 
both North, the Sun’s Hour Angle exceeds 6 hours when Rising or Setting, and measures 101° 57’ on the 
Equator, or in Time is 6h. 47m. 48s., which subtracted from 12 hours gives Apparent Time, 5h. 12m. 12s, 
A. M 

EXAMPLE 2. 


June Ist, 1854. (Noon at Sea.) In Latitude 25° 0’ North, and Longitude 60° East, by Dead Reckoning from the 
preceding Noon, the Sun’s Upper Limb was observed to Rise at 5h. 17m. 0s. by the Watch. Required its Error on 
Apparent and Mean Time. 


H. Ref. 34’ 17” less Par. 9’’,. 84° 8’’ Time by Watch........ 5h. 17m. Os. Dee. N. A., 22° 8’ 23’ N. Dif. 1h. 20” 

massed: No A,. <a. de is ae 15 48 Lon.60° E. in Time..... 4 0 O Corr.,..Sub. 3 40 11L 

Dip of the Horizon.......... 4 8 Green. Time, A. M..... Ib. 17m. 0s. Corr, Dee.. 21°59’ 43” 60)220 

Correction,.........+. + 54’ 4’ Subtract from ........ Ais ila 90 0 0 Cor... 37 40” 
Time before G. Noon... 10h. 43m. 08. Polar Dist..68° 0” 17” sie eb 

Latitude in at Sunrise............. 25° 0'....Log..0,04272 

PPAPONIELANCE. 4.6 soo dike es Heme ens 68 0 ....Log. 0.03283 

RMLs ons 5 «55 Per rr ee 93° 0’ Equa. of Time....2m. 31892 Dif. lh. 3°80 

MTOR . «cin so.s 62 «hace See Sub. + 54 et AAG. «.:% 4°18 11h. 
92° 6’ _ Correct Equa..... 2m.36s10 Cor... 43°18°0 

BERRIES sin. 5 ses 9. 0 baa ea en eee 46° 3'....Log. 4.84138 

SRRTECLION <5. 5)as 6s gees cRles Add + 54 

Peirerence eS eas gay vote a 46° 57’.... Log. 4.86377 

App. Time at Ship at Sunrise.. 5h. 12m. 12s..... Log. 9.78070 

Equation of Time. 2 36 
Mean Time at Ship...do..... 5h. 9m. 36% 
Time by Watels 2 0s ices ie 56 17 0 


Watch Fast of Mean Time.... 7m. 24s, and Fast of Apparent Time 4m. 48s. 


Nors.-—The reason why these Corrections marked thus + are used, will be evident from the fact that when the Sun’s 
Lower Limb touches the Horizon, at Rising or Setting, his centre is actually 22 minutes below it. And when his Upper 
Limb touches it he is a whole diameter, or 32 minutes more below it; which together make 54 minutes. This, as before 
exp.rined at page 67, is caused by the Refraction of the Atmosphere. 

This Observation is liable to error, from the unequal Refraction and Mirage at the Horizon, It is, however, very 
useful, aud may be depended on within 20 seconds or 6’ of the truth. 
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FINDING THE APPARENT TIME FROM EQUAL ALTITUDES OF THE SUN NEAR NOON. 


This is a very convenient and simple mode of finding the Apparent Time at Noon, or when the Sun is 
on the Meridian, that is, at 12 o’clock Apparent Time at the Ship; and as it is independent of Latitude 
and Declination, and all the other corrections, it is a useful check on the more regular method of finding 
the time. : 

This observation can be depended on in Low Latitudes, because the Sun’s change of Altitude is very” 
rapid near the Meridian. But in High Latitudes the Sun’s change of Altitude near the Meridian is very 
slow, especially in the Winter months; hence an error in the time of observation, in the latter case, may. 
be committed which may render it worthless. 

Besides. the greater the distance of the observer from the Equator, the time from Noon, at which the 
Altitude is observed, must be greater, (because the correctness of the Time so found depends entirely upon 
ihe rapidity with which the Sun rises and falls.) This involves a tedious system of corrections, for the 
Ship’s change of place and the Sun’s change of Declination in the interval between the observations, and 
which is unnecessary labor, because the Time ean be found as correctly by one of the Altitudes in the usual 
manner, 

When a Ship sails due East or West in the interval between the Altitudes, in that case it becomes a 
question of time only. But when she makes much Northing or Southing, it is evident that the same Alti- 
tudes will no longer give the correct Middle Time at Apparent Noon. The error in the P. M. Altitude 
will be equal to the difference of Latitude made in the interval. Therefore the Rule is, when sailing 
towards the Sun, we must increase the A. M. Altitude which is on the Quadrant, by advancing the Index 
of the instrument equal to the difference of Latitude made in the interval. 

But in sailing from the Sun, we must decrease the A. M. Altitude by screwing back the Index equal to 
the difference of Latitude made in the interval; and when the Sun falls to that. Altitude in the afternoon, 
we note the time by the same watch by which the time of the A. M. Altitude was noted. 


Limits of the Time from Noon. 


The Altitudes should not be taken nearer to Noon than in the proportion of One Minute of Time for every 
Degree of Latitude the Ship is North or South of the Equator. 


The Observation. 


Observe an Altitude of the Sun’s Lower Limb according to the above limits before Noon. Note the time 
by the Watch, and clamp the Index of the instrument. When the Sun’s Lower Limb falls again to the 
same Al.itude in the afternoon, note the time by the watch. 


RULE. 


Add together the two times, and take their Half Sum for the Middle Time. If the Middle Time is exactly 12 
hours, the Watch is correct for Apparent Time ; because, at the instant of this Middle Time by the Watch, the Sun 
is on the Meridian and it is Apparent Noon, or 12 o’clock, Apparent Time at the Ship. 

But should this Middle Time exceed 12 hours, then the excess is what the Watch is Fast of Apparent Time. 

If the Middle Time be Zess than 12 hours, then what it wants of 12 hours is what the- Watch is Slow of Apparent 
Time, And by applying the correct Equation of Time, in the usual manner, to Apparent Noon, or 12h., we have 
the Mean Noon at Ship, the difference between which and the Middle Time is the error of the Watch on Mean Time. 


EXAMPLE 1. EXAMPLE 2. 


April 2d, 1854. In Latitude 5° 52’ North, and Lon- April 16th, 1854. In Latitude 30° North, Longitude 


gitude 28° West at 11h. 54m. by the Watch, the Sun’s 
Altitude was 85° 40’ A. M., and at 12h. 20m. by the 
same Watch, he had fallen to the same P. M. Required 
the error of the Wateh on both Apparent and Mean 
Time. 
Sun’s Alt... 85° 40’ A. M. 
Same P. M. do. do. Iz 20 
Equa. of T..3m. 41871 Dif. 750 Sum.... )24h. 14m, 
Corr. ..Sub. 1°50 Long. 2h. Mid. Time, 12h. 7m. 
itqua..Add 3m. 40s, 150°) App. Noon,12 0 
Ap. N’p,12h.0 =O Watch Fast, Oh. 7m. 
Mn. N’n,12b.3 40s. 
Midaa 12° a) O 


Watch.. 8m.20s. Fast of Mean Time. 


Time by Watch, 1]h. 54m. 


45° Kast, at 11h. 20m. by Watch, the Sun’s Altitude was 
68° 20’ A. M., and at 12h, 84m. by the same Watch, he 
had fallen to the same Altitude P.M. Required the 
error of the Watch on both Apparent and Mean Time. 


Sun’s Alt... 68° 20’ A.M. Time by Watch, 11h. 20m 
Same P.M. do. do. 12 34 


Equa.of T... Om. 11s'87 Dif..603 Sum.... 28h. 54m. 
Corr... .Sub. 1°80 3h. Mid. Time,1 1h. 57m. 
Equa...Sub. 0m, 10s. 1,80°9 Ap.Noon,12 0 

Ap. N’n. 12h. 0 0 Watch Slow, 0h. 3m. 


Mn. N’n. 11h. 59m. 50s. 
Mid. T.. . Liat 


Watch.... 2m. 50s. Slow of Mean Time. 


Norre.—It is not nee to read off the Altitude if the Index of the instrument remains untouched, because we have 
a 


only to wait until the Sun 


0 0 wa Is again to the same Altitude in the afternoon, unless the Ship makes mueh Northing or 
Southing in the interval, when it must be corrected as above. 


But to guard against accident, or if the instrument is 


required for use in the interval, we have only to read it off and write it down, and set the Index to the same Altitude 
again, ready for the P. M. Altitude, und in case of cloudy weather several Altitudes, and their corresponding times, 
should be taken before Noon, as a reserve. 
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FINDING THE TIME ON SHORE FROM ALTITUDES BY THE ARTIFICIAL HORIZON. 


As a full description of the method of taking Observations with this Instrument is given at pages 77 and 
78, it will only be necessary here to give a few Examples of finding the Apparent Time, and thence the 
Mean Time, on Shore. 


EXAMPLE 1. 


March 5th, 1854, at New York, in Latitude 40° 42’ 42’. N., and Longitude 74° 0’ 1” W,, the following Altitudes 
were observed by an Artificial Horizon in the Morning, to ascertain the Error of the Watch on Mean Time. 


Obs. Altitude L. Limb. 24° 14’ 30” Time by the Watcb. 7h 32m 20s Declination. 6° 314” S. Diff. for 1h 58” 


35 BO ee SNM rPenapatale 3 38 36 Corr..Sub.. 0 29 G. Time th 
en ee 384 30 Cor. Decl.. 6° 2’ 45” ~ past N. 
8)106’ 39” 3)100m 26s 909 0 0 Correction 29” 
Mean of the Altitudes. 24° 35’ 38’ Mean of the Times. 7h 33m 28s Polar Dist. 96° 2’ 45” 
Index Error.......Sub. 207) .Lon. 74° Win time..4- 56° 0 
Angle of Double Reflex. 24° 33’ 33’ Mean Time at G... 12h 29m 28s 
Sun's Obs. Alt, L. L... 12° 16’ 46” Sub. 12 0 0 Equa. of T. 11m 45878 Diff. for lh 584 
Sun’s Semid....... Add 16 9  T. past Noon at G.. 29m 28s. Vorr.. .Sub. 29 Corr..... °29°4 
Apparent Altitude..... 12° 82' 55” Correct Eq. 11m 45349 
Refraction. ....... Sub. 4 18 
Sun's True Altitude.... 12° 28’ 37” 
Polar Distance........ 96 2 45 Log. 0.00243 
Latitude...... sesevees 40 42 42 Log. 0.12083 
OL cal Ra naps Bie ox 149° 14’ 4” Apparent Time of Observation 7h 28m 46s 
Half Sum.......... .. 14° 87 2" Log. 4.42370 — _ Equation of Time. Add ll 45 
True Altitude......... 12 28 37 : Mean’ Time; ... 55 0.2)saraues Th 40m 31s 
Difference.......+. we. 62” 8’ 95" Log. 4.94650 ‘Time by Watch.....,.+...4. a el ; 
Apparent Time......7h 28m 468 = Log. 9.49296 Watch slow ...'....vss samme Oh %m 3s of Mean Time. 
EXAMPLE 2. 


October 20th, 1854, at the Cape of Good Hope, in Latitude 34° 22'S, and Longitude 18° 30' E, the following 
Altitudes were observed by an Artificial Horizon in the Afternoon, to ascertain the Error of the Watch on Mean: 
Time, 


Sun’s Altitude L. Limb. 36° 30’ 30” Time by Watch 4h 58m 10s Declination 10° 19’ 47’ S. Diff lh.... 54“ 


OOo xe Gre (Ove sc ches oo 4 69 20 Corr..Add 3 22 33h 
8574110 RS Sg 0-40 eae eR A a 
3)108° 17’ 40” 3)1th 58m 103 90 0 0 QT 
Mean of the er oe Mean of Times. 4h 59m 23s Polar Dist. 79° 36’ 51” ls 
Index Error. . Add 1 10 Lon, 18° 30’. t 4} arate 60)202 ” 
Angle of Double Reflex. 36° 7° 3” E.intime. aa Tt sae Corr. ..... 3799" 
Sun's Obs. Alt. L. Limb. 18° 37 39 G. Time P.M.. 3h 45m 23s. 
Add Semid.. insite 16 6 
Apparent Altitnde: 4bBh 19 Ba Equation of Time 15m 5877 Diff. lh.. “406 
Subtract Refraction. eee fina Correction... . Add ive 32h 
Sun's True Altitude.... 18° 16’ 40” Correct Equation. 15m 15m 78°29 ‘1218 
Polar Distance.. . 719 36 51 Log. 0.00717 \ 203 
Latitude.......... --- 84 22 0 Log. 0.08881 ‘101 
SINE oP bo dee a oes 182° 15’ 31” Corr.... 1°52°2 
Balt Sumsii00. 3% .2. 66° 745” Log. 4.60711 
True Altitude. ......... 18 16 40 
Difference. «cans... 0 47° 61’ 5” Log. 4.87006 


App. Time at the Place 4h 59m 303 Log. 9.56765: 
Equa. of Time.”,. .Sub. Baul 


MOBO! Limes a Se. a's ose 4h 44m 288 
Time by Watch........4 59 28 


Watch............... 15m 0s fust of Mean Time at the place. 
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. 


FINDING THE TIME AT SEA FROM AN ALTITUDE OF THE MOON. 


The Apparent, and thence the Mean Time, at Ship, may be found by an Altitude of the Moon at a dis 
tance from the Meridian. . BF 

In the first place we must have the exact Greenwich Date at the time of the observation at the Ship, in 
order to reduce her Semi-diameter, Horizontal Parallax. Right Ascension, and Declination taken from the 
Nautical Almanac to that time, and as before stated at Page 101, (in the case of finding the Latitude by 
the Moon’s Meridian Altitude.) if the Longitude of the Ship be not known, neither the Latitude nor the 
Time can be found by the Moon. But in cases where a Ship carries a good Chronometer, the Longitude can 
at any time be found tolerably correct by applying the Difference of Longitude made by Dead Reckoning to 
the Longitude last found by Chronometer. 

The Moon’s Observed Altitude must be corrected as usual, to obtain her centre, and another correction 
for her Parallax in Altitude, and which is always additive to her Apparent Altitude, because she always 
appears below her true place in the heavens. (See page 67.) 


ROLES FOR COMPUTING THE VARIOUS CORRECTIONS. 


To Find the Greenwich Date. 


1st. Turn the Ship’s Longitude into Time by Table XXVI, and add it to the Mean Time at the Ship, (at 
the time the observation was made), in West, or subtract it in East Longitude, will give the Greenwich 
Date, which must be always one day less than the Sea Date. Or it may be more correctly found by noting 
the times of the Altitudes by Chronometer, which, after allowing for its error on Greenwich Time, will 
give the required Greenwich Date. 


To Correct the Moon's Altitude. 


2d. Take from the Nautical Almanac the Moon’s Semi-diameter and Horizontal Parallax, for the near- 
est Noon or Midnight corresponding to the Greenwich Date. Then if the Moon’s Lower Limb be observed 
add the difference between the Dip of the Horizon and her Semi-diameter to the Observed Altitude. But 
if her Upper Limb be observed, subtract their Sum, will give the Moon’s Apparent Central Altitude. 

3d. Enter Table XXV with the Apparent Altitude at the side, and the Horizontal Parallax at the top, 
and take out the Correction, which is expressed in Minutes and tenths of Minutes, and proportion it, if 
required, for the odd Minutes of Altitude, and the odd Seconds of Parallax. This correction is always 
additive, and will give the Moon’s True Altitude. 


To Correct the Moon’s Right Ascension. 


_ 4th. When the large Nautical Almanac is used, and the Greenwich Date, for the full hour, the Right 
Ascension is found opposite that hour ; but when there are odd Minutes, take the Difference between that 
and the following hour, and apply the proportion of this difference, corresponding to the odd Minutes, to 
the Right Ascension at the preceding hour, according as it is increasing or decreasing, will give the Moon’s 
correct Right Ascension. 

. 5th. When the small Almanac is used, and the Greenwich Date exactly at Noon or Midnight, take out 
‘the Right Ascension found opposite. But when it is between them, take it out for the nearest Noon or 
Midnight preceding, and the nearest Noon or Midnight following this Greenwich Date, and take their Dif- 
‘ference, which will be that for 12 hours, and note the number of Hours and Minutes which the Green- 
wich Date is past Noon or Midnight. Then say, as 12 hours is to the Difference in ‘12 hours, so is the 
‘Greenwich Time past Noon or Midnight to the required correction, which, applied to the Right Ascension 
at the preceding Noon or Midnight, according as it is increasing or decreasing, will give the Moon’s correct 
‘Right Ascension. (See the Note on the next page.) ' 


To Correct the Moon’s Declination. 


6th. When the large N. Almanac is used, proceed by the rule already given at page 102, No. 6, for cor- 
recting the Moon’s Declination when on the Meridian. 

When the small Nautical Almanac is used, proceed in like manner by Rule No. 7, on the same page, 
and the result will be the Moon’s correct Declination, corresponding to the Greenwich Date. 


To Find the Moon’s Polar Distance, - 


7th. When the Latitude and the Moon’s Declination are of the same name, the Difference between her 
Declination and 90° is her Polar Distance. But when of contrary names, their Sum is her Polar Distance 
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To Correct the Latitude to the Time of Observation. 


8th. Enter the Traverse Tables with the Course and Distance made good, and find the Difference of Lati- 


tude the Ship has made since the last Observation for Latitude was obtained, and apply it by the Rule given 
at page 125, which will give the correct Latitude in. 


To Find the Moon’s Hour Angle. 


9th. Thus having the Moon’s True Altitude, Polar Distance, andthe Latitude of the place, procced (as 
with the Sun) to find the Moon’s Hour Angle, or her Distance from the Meridian, (which with the Sun is 
the time from Noon.) this being added to the Moon’s Right Ascension, if the Moon be to the Westward of 


the Meridian, or subtracted from it if the Moon be to the Eastward, the Sum, or remainder, will be the 
Right Ascension of the Meridian. 


To Correct the Sun’s Right Ascension. 


10th. Take out the Sun’s Right Ascension and the Difference for 1 hour from the Nautical Almanac, mul- 
tiply this Difference by the Time from Greenwich Noon, and add this correction to the Right Ascension, 


taken from the Nautical Almanac, (because the Sun’s Right Ascension is constantly increasing,) will give 
the Sun’s correct Right Ascension. 


To Find the Apparent Time at Ship 


11th. From the Right Ascension of the Meridian, (increased by 24 hours, if necessary,) subtract the Sun’s 
correct Right Ascension, and the remainder will be the Apparent ‘Time, 


To Correct the Equation of Time. 


12th. Take out the Equation of Time from the Nautical Almanac, and the Difference for 1 hour, and 
correct it by the Rules given at page 124, will give the correct Equation of Time. 


9 Find the Mean Time at Ship. 


13th. Apply the correct Equation as directed in the precept at the head of the column in the Nautical 
Almanac, to the Apparent Time, by adding or subtracting it, and the result is the Mean Time at the Ship. 


EXAMPLE. 


March 10th, 1854. At Noon the Latitude observed was 38° 15’ North, Longitude by account 60° 45’ West. Ship 
had sailed N. E. (true) 40 miles since Noon, when the observed Altitude of the Moon’s Lower Limb was 40° 32’ to 
the Eastward of the Meridian, and the Greenwich Time by Chronometer 9h, 44m. 87s. P. M. Required the time at 
Ship. 4 


Obs. Alt. )’s L. Limb. 40° 82’ Gr, Time by Chro...... 9h. 44m. 37s. ) ’s Dee. Noon, 24° 14’ N. 


Semid. 15’, Dip 4....- plat Midnight.23 4 
Hor, Par. 55’, and.... 40° 48’ Lat. at Noon............ 38° 15’ N. T. XXIII, Dif. 12h. 1°10’ ) tar 
Gives Cor. Tab. XXV, 40 Course N. E. 40 miles, D.L. 28 and G. T. from Noon.. § 9h.45m.—0° 56 
) ’s True Alt. ...... 41° 23’ Lat. at time of Sights.... 388° 43’ Dec. Noon... 24 14N. 
Polar Dist.........+- 66 42 ....Log. 0.08695 D’s Cor. Dec. .23° 18'N. 
(PS re 88 438 ....Log. 0.10777 ; 90 0 
Sum wae © 6 0.6.0 62 60969 146° 48’ D "5 Polar Dist. 66° 42° 
° t 

Half Sum........-- at bak oo Log. 7 he a Rak Nosh Shit@m: 21a 
Difference ....-->+ + 82 i. ..-Log. 4.72441 | Midnight. 8 88 26 
D's Hour Angle 8h. 38m. 58s. ....Log. 9.82502 Say as jah. an Soa are ah day! 
D’s R. Ascen... 8 338 53 
R.A. ofthe Mer.. 4h. 54m. 35s Sun’s R. A. 28h. 21m. 58s. Dif. Ih. 9s. * 10,0000 

Add 24 9 0 Oor...Add 1 30 10 Pro. Log 12h..1.1761 Table XXXIV 
R. A. M. Inerea. 28h. 54m. 35s. Corrected. 23h. 23m. 238s. 90s. Arth. Co...... 8.8239 


Sun’s R. Ascent. 23 28 23 Pro.Log.26m.5 0.8389 


App. T. at Ship 6h. 81m, 12s. Equation.. 10m. 31855 Dif. 1h..665 = do. 9h. 45m. 1.2668 
Eq. of T...Add 1025 6°65 10 0.9291 


Mean Time.... 5h. 41m. 37s, Corrected. 10m. 248'90 665°0 Pro, Log...... Oh. 21m. 12s. Cor. for 9h. 45m. 
D’sRA.atNn8 12 21 
D’s Cor. R.A..8h. 33m. 3388. 


* The Proportional Logs., Table XXXIV, are very useful for the purpose of performing Rule of three questions ; 
but to make the terms all additive we must subtract the Pro. Log. of the first term from 10.0000. It is then called the 
Arithmetical Complement. . 


- But as this Table only extends to 8 hours, we must enter it, (when they exceed that quantity,) with the hours as 


minutes and the minutes as seconds, &c., &c., as in the above omy es. which will be found a much more correct 
mode than when taken from Tables which are generally constructed for that purpose. 
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FINDING THE TIME AT SHIP FROM AN ALTITUDE OF A PLANET. 


The Time may be found as correctly by an Altitude of a Planet. at a distance from the Meridian ut 
twilight, as by the Sun, and the name of the Planet of which the Altitude is observed may be easily ascer- 
tained, if we refer to the Diagrams and Rules for finding the Meridian Altitudes of the Stars. at pages 64 
and 65. There it will be perceived that the Elevation of the upper end of the Celestial Equator is equal 
to the ‘Co-Latitude of the place. Now, it is easy to imagine a semicircle in the heavens, (in an opposite 
djrection to the Elevated Pole,) to be elevated equal to the Co-Latitude of the place, and that this semi- 
circle passes through the true East and West points of the Horizon, which will represent the Celestial 
Equator, and that if the Planet is seen to the North of this semicirele, it must have North Declination, 
otherwise South, and to note by its bearing whether it is to the Eastward or Westward of the Meridian. 
Now inspect the Nautical Almanac on that day of the month. and find which of the Planets agree with the 
above Declination, and find the time of its Meridian passage. If it be observed to the Eastward, it will 
pass the Meridian later than the time of observation, but if it be observed to the Westward, it will have 
assed the Meridian earlier than the time of observation. And bearingin mind that all the heavenly 
bedics rise and set to the Northward of the true Ea-t and West points, when their Declinations are North, 
otherwise to the Southward of these points when their Declinations are South; and that in High Latitudes, 
when the Declination is of the same name as the Latitude, the Planets will have a high Altitude, and 
they pass the Prime Vertical above the Horizon. But when the Latitude and Declination are of contrary 
uames, their Altitudes wil be low, and they pass the Prime Vertical below the Horizon, or set before they 
reach it. 


RULES 
For Computing the Corrections. 
ist. Find the Greenwich Date by turning the Ship’s Longitude into Time, by Table XXVI, and add it to 


the Time at Ship in West Longitude. or subtract it in East ; or it may be found from the Chronometer, and 
to be called always one day less than the Sea date. 


To Correct the Planet’s Observed Altitude. 


2d. Enter Table XX with the Height of the eye at the top, and the observed Altitude at the side, and 
take out the correction for Dip and Refraction, which is always subtractive. 


To Correct the Pianet’s Declination. 


3d. Take out its Declination from the Nautical Almanac for the nearest Noon preceding the Greenwich 
Date, (except when the Change of Declination is small it may be taken for the nearest Noon of the Green- 
wich Date,) and also for the Noon of the following day, and take their Difference. Then say, as 24 hours 
is to the Difference in 24 hours, so is the time past Noon at Greenwich to a proportional part, which applied 
to the Declination at the preceding Noon, according as it is increasing or decreasing, will give the Planet’s 
CorrectsDeclination. 


To Find the Planet’s Polar Distance. 


4th. When the Latitude and Declination are of the same name, the difference between the Declination 
and 90° is the Polar Distance ; otherwise, their Sum is the Polar Distance. 


To Correct the Latitude to the Time of Observation. 


5th. Find the Difference of Latitude the Ship has made, and apply it to the Latitude last observed. 


To Find the Hour Angle of the Planet. 


6th. Having thus the True Altitude, Polar Distance, and the Latitude of the place, proceed as with the 


“ci find the Planet’s Hour Angle, or Distance front the Meridian, (which with the Sun is the time from 
oon. 


To Correct the Planet’s Right Ascension. 


7th. Take out the Right Ascension from the Nautical Almanac for the Noon preceding the Greenwieh 
Date, and also for the nearest Noon following it, and take their Difference ; then say, as 24 hours is to the 
Difference in 24 hours, so is the time past Noon at Greenwich to a proportional part, which applied to the 
Right Ascension at the preceding Noon, according as it is increasing or decreasing, will give the Correct 
Right Ascension. " 


Yo Find the Right Ascension of the Meridian. 


&th. If the Planet be to the Eastward of the Meridian, subtraet its Hour Angle from its R #. Ascension; 
but if to the Westward of the Meridian, add its Hour Angle to its Right Ascension, will give the Right 
Ascension of the Meridian. 
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To Correct the Sun’s Right Ascension. 


9. Take out the Sun’s Right Ascension and the difference for 1 hour from ‘he Nautical Almanac, multi- 
ply the difference for 1 hour by the time from Greenwich Noon, and add this correction to it. 


To Find the Apparent Time at Ship. 


10. From the Right Ascension of the Meridian, (increased by 24 hours if required,) subtract the Sun’s 
correct Right Ascension, and the remainder will be the Apparent Time at Ship. 


To Find the Mean Time at Ship. 


11. Take out the Equation of Time from the Nautical Almanac, and correct it as usual, and apply it to 
the Apparent Time, according to the precept at the head of the column, and the result is the Mean Time 
at the Ship. (See the Rules at page 124.) © . 


EXAMPLE 1. 


April 7th, 1854. Sea Time. In Latitude 28° 26’ North, and Longitude 70° 0’ West, at twilight in the morning, 
the observed Altitude of the Planet Venus was 24° 21’ to the Eastward of the Meridian. Greenwich Time by Chro- 
nometer, 22h, 16m. 5s, Required the Apparent and Mean Time at Ship. 


Obs, Alt. Venus, 24° 21’ 
Cor. Tab. XX,Sub. 6 


Venus T. Alt... 24° 15’ 
Polar Dist. 96 7% 
Latitude 28 26 


Half Sum... 
Difference .... 


. 74° 24’ 


50° 9 


Venus H.An. 3h, 52m. 35s.Log. 9.37314 


R.Aseen. 22 29 384 


RA. of Mer.18h. 36m. 59s. 


Sun's R.A. 1 3 ae 


App. Time L7h. 33m. 21s. 


9 


Kqua... Add Byes 14. 


Mn. Time. .17b. 35m. 35s 
Subtract ..12 0 0 


Mn. Time.. 5h. 35m. 35s. 


Dee. Venus, April 7th...... 6° 7’ S. Gr. Time by Chro.......22h. 16m, 5s. 


d90 | Gr Date, April 6th 
Polar Distance of Venus... 96° 7’ 
Log, 0,00248 


22h. L6in. 5s. 


Sun’s R. A. 1h.0m.18s. Dif. 1h... .9s. 


Log. 0.05583 bre R. i 29h.27m.28s. Corr.. ...Add 38 20 GT. 22th 
Vy iar : Corrected. 1h. 8m. 38s. 198 
Log. 4.42962 a ar: | 22 29 44 2 
or 52, ' —_ 60) 
oP Oe Stabe Say as 24h. is to 2m. 16s. so is 22h.16m. 60)200, 
38m. 20s. 


10.0000 by Pro. Logs. 


0.8751 P. Log. of 24h,Table XXXIV. Eq. of Time. .2m. 30850 Dif, Lh..°725 


9.1249 Arith, Complement. OOF ee ‘Sub. _ eae ay BAER 
1.8999 P. Log of 2m. 16s. Correct Eqa. 2m. 14 °37 1450 
0.9076 P. Log, of 22h. 16m, 1450 
. from Noon, 1.9324 Pro. Log. Cor==2m. 6s. eos 
613" 


[ Ap. 6th, 
from mid- Venus R. A., April 6th. 22h. 27m. 28s. 


night, or on the morning of the Correct R. Ascen.... . 22h. 29m. 84s. 
7th April, Civil Time. 


EXAMPLE 2. 


Dee. 6th, 1854. Sea Time. The Latitude at Noon was 38° 10’ South, and tne Longitude by Chronometer 92° 50’ 
East. Ship then sailed S. W. (true) 40 miles, when the Altitude of the Planet Jupiter observed was 86° 10’ to the 


Westward of the Meridian, at 7h. 15m. by the Watch, at twilight in the evening. 


Required the error of the Wateb 


on Apparent and also Mean Time, at Ship. . 


Jup'r’s Obs. Alt. 36° 10’ 
Oor,, Tab. XX, Sub. 5 
True Alt.. 386° 5’ 
Polar Dist. 68 45 


Latitude Pe ee 38 38 
SL, 5 wa be ar 148° 28’ 
Half Sum.... 71° 44’. 


Difference ... 35° 39’. 
Jup.s HA. 4h. Om. 29s 
R. Aseen. 19 57 15 
R.A. of Mer.23h.57m, 44’ 
Sun’s R.A. 16 46 47 
Ap.T. at S’p,7h. 10m. 57s. 


Eq,of T.Sub, 0 11 
Mn. Time, ‘7h. lm. 46s. 
T.bywatch7 15 0 


W. fast M.T. 13m. 14s. 


. Log. 0.08058 r 
Log. 0.10726 Jupiter’s Dec. N’n, Dee. 5th, 21° 15'S. 


Time by Watch 7h. 15m. Os. 

Lon. 92° 14’ E.in time. 6 8. 56 Eg. of Time. 9m.12s'48 Dif. 1h.1°049 

Green. Date, Dee. 5th.. lh. 6m. 4s, Correction . . 1 04 ] 
Correct. Equa. 9m. 11839 1s'04'9 


90 0 
Log. 4.49615 Jupiter's Polar Diet. cine 68° 45’ 
Log. 476554 suns R.A. 16h. 46m. 368, Dif. 1h..115, JU. RAs. ; 19h. 57m, 188. 
Log. 9.89953 Correction. 0 0 11 We ae 
Corrected .16h. 46m. 47s. D sate ( oy 5a **'4 


~ Lat.Obs.at N’n 38° 10'S. Long....; 92°50’ E. Say as 24h. is to 518.80 is 1h, 6m. 
Co.S.W.40=D.L. 28 S. Dep. 28 —D.L.36 W. *9-1249 A.C. P. Log. 24h.,Ta. XXXIV 


' ee, ~~~ | 2.3200 Fro. Log... bl 
Lat. time sights,38° 38’ S. Long..... 92°14’ E. 95739 Pro. Log. . 1b. 6m. 


8.6647 Pro. Log. Corr. Om. 48, 
R. Ascen., Dee. 5th.19h. 57 = =138 


Correct R. Ascen. ...19h. 57m. 158, 


App. Time at Ship.... 7h. 10m. 67s. 
Time by Watch Tinaap.,.. 0 
Watch fast of App. T.. Oh. 4m. 3s. 


ee eee 


* See the Note at page 183, for working by the Proportional Logs. 
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FINDING THE TIME AT SHIP FROM AN ALTITUDE OF A STAR. 


The Time may also be found as correctly by an Altitude of a Star at a distance from the Meridian, at 
twilight, as by the Sun; and the name of the Star of which the Altitude is observed, may be found in like. 
manner as the Planets, by referring to the Diagrams and Rules for finding the Meridian Altitude of the 
Stars, at pages 64 and 65. The names of any of the Stars, in Table XIX, when observed out of the Meridian, 
may be found by imagining a point in the heavens, in an opposite direction to the elevated Pole, whieh is 
equal in Altitude to the Co-Latitude of the place. This point will represent the Upper part. or ‘Elevation 
of the Celestial Equator. Then suppose a semicircle drawn from thence through the true East and West 
points of the Horizon, will represent the Celestial Equator. 

Then all the Stars seen to the Northward of this semicircle will have North Declination. and ities seen 
to the Southward of it will have South Declination, and it can at once be determined whether the Star 
observed has North or South Declination. Now estimate its distance in Degrees from this supposed line or 
Equator, and enter Table XIX, and find which of the Stars corresponds nearest to this estimated Decli- 
nation. 

The bearing of the Star will show whether it be to the Eastward or Westward of the Meridian. Now 
enter Table XVIII with the day of the month, and find at what time it would pass the Meridian on that 
day. Then, if the Star he to the Eastward when observed, and it is the proper Star, the Table will give 
its Meridian passage later in the day ; but if observed to the Westward, it will give ‘it earlier in the day. 
Thus the Declination and Meridian passage will point out the name of the Star. . 

And as before stated, all the Stars having North Declination rise and set to the Northward of the true 
East and West points of the Horizon, while those having South Declination rise and set to the Southward 
of the East and West points. j 

And in High Latitudes, when their Declinations are of the same name as the Latitude, their Altitudes 
are high, and they pass the Prime. Vertical, that is, they pass the East or West points above the Horizon. 
But when the Latitude and their Declinations are of contrary names, their Altitudes are low, and they do 
not reach the East or West points (at rising or setting) when above the Horizon. 


RU LES 
For Computing the Corrections. 


1, Turn the Ship’s Longitude into Time, and add it to the Time by Watch, in West Longitude, or 
subtract it in East, will give the Greenwich Date. 


* To Correct the Star’s Observed Altitude. 


2. Take out the Correction from Table XX, and subtract it from the observed Altitude, will give the 
Star’s true Altitude, 


To Correct the Star’s Declination. 


~ 


3. Take out the Star’s Declination from Table XIX, and the annual Variation ; multiply this by the 
number of years elapsed since 1854, and divide by 60, if above 60”, will give the. correction in Minutes 
and Seconds, and apply it according to the sign of addition (+) or subtraction (—} pond in the Table, 


To Find the Star’s Polar Distance. 


4. When the Latitude and Declination of the Star are of the same name, the Difference between the 
Declination and 90° is the Polar Distance, otherwise their Sum is the Polar Distance. 


To Find the Latitude at the Time of Observation, —_~ 
5. Find the Difference of Latitude the Ship has made, and apply it to the Latitude last observed. 
To Find the Star’s Hour Angle. 

6. Having thus the True Altitude and Polar Distance of the Star, and the Latitude of the place, pro- 
ceed as with the Sun to find the Star’s Hour Angle, or Distance from the Meridian, (which with the Sun 
is the time from Noon.) a 

To Correct the Star’s Right Ascension. 
7. Take out the Star’s Right Ascension from Table XIX, and the annual Variation; multiply this by 


the number of years elapsed since 1854, and divide by 60, (if above 60s.,) will give the correction, which 
is always additive. a4 
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FINDING THE TIME AT SHIP FROM AN ALTITUDE OF A STAR, 


To Find the Right Ascension of the Meridian. 


8. If the Star be to the Eastward of the Meridian, subtract its Hour Angle from its Right Ascension. But if tc 
the Westward, add its Hour Angle to its Right Ascension, will give the Right Ascension of the Meridian. 


To Find the Sun’s Right Ascension. 


9. Take out the Sun’s Right Ascension, and the Difference for 1 hour, from the Nautical Almanag, for the Noon 
of the Greenwich Date. Multiply the Difference for 1 hour by the time from Greenwich Noon, and divide by 60, 
(if above 60). This Correction 1s always additive. 


To Find the Apparent Time at Ship. 


10. From the Right Ascension of the Meridian, (increased by 24 hours, if necessary), subtract the Sun’s Correct 
Right Ascension, and the remainder is the Apparent Time. 


To Find the Mean Time at Ship. 


. 11. Take out the Equation of Time, and the Difference for 1 hour from the Nautical Almanac, and correct it to 
the Greenwich Date by the rules at page 124, and apply it to the Apparent Time, according to the precept at the 
head of the column in the Nautical Almanae, by adding or subtracting it, and the result is the Mean Time at Ship. 


EXAMPLE 1. 


February 10th, 1864, Sea Time, in Latitude 40° 10’ N., Longitude 68° 20’ W., in the Evening Twilight, the Obs. 
Altitude of the Star Sirius was 12° 27’ to the Eastward of the Meridian. The Time by Watch was 5h 28m. Re- 
quired the error of the Watch on both Apparent and Mean Time. 


Observed Altitude of Sirius 12° 27’ Time by Watch........ 5h 28m 0s  Sirius’s Declination, 1854.. 16° 31’ 8, 

Corr., Table XX...... Sub, 6 Long. 68° 20’ W.in time 4 33 20 90 0 
Trae Altitude... .s0.+.++s 12° 21’ Green. Date, Feb. 9th...10h 1m 20s Polar Distance..........106° 31! 

Polar Distance.... ....+- 106 81 Log. 0.01880 

Latitude... 2.22... see eee 40 10 Log. 0.11681 Sirius’s Right Ascension, 1854. 6h 88m 488 

ROM Wa visclsclecse ences’ 159° 2! 

PO ee See 79° 81’ Log. 4.25995 Sun's R. A., Feb. 9th 21h 31m 34s « Diff. lh........ 10s 

BRMOPERCO. in cco. ts odie 67° 10’ Leg, 4.96456 i Add il 40 10 

Sirius’s Hour Angle... 8h 48m 40s Log. 9.35962 Correct Right Ascen. 21h 33m 14s 60)100s 

Sirius’s Right Ascen.... 6 388 48 1m 40s 

R. Ascen. of the Mer.. 2h 50m 38s Time by Watch.... 5h 28m 0s 

Addi24: #0." 0 Apparent Time..... 5 16 49 

Increased R. A. M..... 26h 50m 3s Watch fast........ Oh 11m 11s of Apparent Time. 

Sun’s R. Ascen.......21 33 14 

App. Time at Ship.... 5h 16m 49s Time by Watch.... 5h 28m 0s i 

Equation..... Pama. Pei 82 Mean Time........ 5°31" 21 

Mean Time at Ship... 5h 31m 21s Watch slow........ Oh 38m 21s of Mean Time. 

"EXAMPLE 2. 


May 13th, 1854, Sea Time. Ship’s position at the preceding Noon was Latitude 37° 44’ S, Longitude 68° 9’ E. 
She then sailed E. S. E., 120 miles, until 4h 40m A. M., when the Altitudes of Antares was observed 42° 36’, to the 
Westward. Required the error of the Wateh on both Apparent aud Mean Time. ) 


Obs. Alt.of Antares.... 42° 36’ Time by Watch.... 4h 40m Antares’s Declination 1854 26° 6’S. 

Corr., Table XX. ..Sub. 5 . Add.12_ 0_ 90 0. 

True Altitude. ......... 42° 81’ From preced. Noon 16h 40m —Antares’s Polar Distance... 63° 54’ 

Polar Distance..... «+» 63 54 Log. 0.04671 Lon. 70°30’ E.in T.. 4 42. 

Latitude... ...+++++++ 38 30 Log.0.10646 G, Date, May 12th.11h 58m —Antares’s R. A. 1854, 16h 20m 24s 

EM Ns <a diem kin opr 6. te 144° 55’ 

Half Sum..........-.. 72° 28’ Log.4.47894 Noon previous Lat......... 37° 44'S, and Long.........68° 9 E. 

Difference. ..+...2++0 29° 57’ Log. 4.69831 Course E. S. E. 120 mig. D. L. 0 af S., PoP BAe sate t 221K 

Antares’s H. Angle 8h 40m 278 Log. 9.83042 Lat. in at Time of Sights...38° 30’ S., Dg: oat — 

Antares’ Right A..16 20 24 Longitude in.......70° 30’ E., 

R. Ase. of the Mer.20h Om 51s Sun’s Right Ascension, May 12th, 3h 15m 50s Diff. 1h 108 

Sun’s R. Ascen..... 8 17 50 Add 20 46 12 

App. ‘Time from )} 16h 48m 1s Sun’s Correct RB. A... . 2. wean cic 3h 17m 503 60)120s 
previous Noon. § ~ : ‘ 2m Os 

Sub. 12* 0 0 Equation of Time.3m 52834 Diff. lh °53 

App. T. at Ship.... 4h 43m Is Corrs. ...eee- Add BS: Ne, 12h 

Equa. of Time.... . 3 58 8m 52897 Corr. °63°6 

Mean T. at Ship... 4h 39m 8s Apparent Time at Ship.... 4h 48m 1s 

‘T. by the Wateh.. 4 40 0. Time by Watch....... oes oe Oe 80 


Watch Fast ..... Oh Om 52s { Mean Time. Watch Slow...........00: Oh 3m 1s vf Apparent Time. 
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FINDING THE LONGITUDE BY CHRONOMETER, 


The Cause of a Ship Losing or Gaining Time. 


Having thus given all the most practical methods of finding the Time at Sea, it will be necessary, before 
proceding to find the Longitude, to premise, that when a Ship sails Westward she loses Time: that is, the 
Time shown by the Watch, which was regulated to Apparent Time on the preceding day, will be in advance 
of that found by observation on the following day. And that when a Ship sails Eastward she gains Time, 
that is, the Time shown by the Watch, which was regulated to Apparent Time on the preceding day, wi! 
be behind that found by observation on the following day. , 


The Rotation of the Earth is the Cause of the Difference of Time between Places. 


The velocity of the Earth’s rotation on its axis from West to East, is 360° in 24 hours of time, or at the 
rate of 15° to the hour, and 1° to every 4 minutes. It is evident that any place that les Eastward of 
another place, will come sooner under the Sun, or will have the Sun earlier on the Meridian, consequently 
the hour of the day will be in advance of the other. On the other hand, any place that lies to the West- 
ward of another place, will be later in coming under the Sun. or will have the Sun later on the Meridian, 
consequently the hour of the day will be behind that of the other. Thus, at a place, say Greenwieh 
Observatory, situated 74°, or 4h 56m in time, to the Eastward of New York. when it is Noon at Greenwich, 
it wants 4h 56m of being Noon at New York; and when it is Noon at New York it is 4h 56m past Noon 
at Greenwich. And at a place, say San Francisco, situated 48°, or 3h 12m in time, to the Westward of 
‘New York, when it is Noon at San Francisco it is 3h 12m past Noon at New York. and when it is Noon at 
‘New York, it wants 3h 12m of being Noon at San Francisco. Hence the difference of Time between any 
two places, indicates their difference or Longitude. 


. 
Longitude Reckoned from the Meridian of Greenwich. 


Longitude is reckoned from a first Meridian, and in this work we use the Meridian of Greenwich as a 
first Meridian, and from which the Longitude is reckoned Eastward 180° and Westward 180°, which, 
together are equal to the circumference of the globe. 


On Circumnavigating the Globe, steering West, Ship loses one Day. 


Suppose a Ship to sail from Greenwich, with her Chronometer accurately set to Greenwich Mean Time, 
and steering to the Westward, when she has made 15° of Longitude the Mean Time at the Ship will be 
found to be 1 hour behind that by the Chronometer. She has therefore lost 1 hour of time. And sup- 
posing the Ship to continue her course to the Westward until she reaches the Longitude of 180° W., the 
Mean Time at the Ship will be 12 hours behind that of the Chronometer, and she will have lost 12 hours 
in time. The Slip being now in East Longitude, and continuing her course to the Westward, her Lengi- 
tude decreases, and finally, when she arrives again on the Meridian of Greenwich, (after cirecumnavigatiug 
the Globe) it will be found that the Mean Time at the Ship is 24 hours behind the Mean Time at Green- 
wich, consequently she has lost one entire day on the voyage. 


On Circumnavigating the Globe, steering East, Ship gains one Day. 


On the other hand, a Ship sailing East from Greenwich. under the same cireumstances, when she has 
made 15° of Longitude, the Mean Time at the Ship will be found to be 1 hour in advance of the Green- 
wich Time by Chronometer, and she has therefore gained 1 hour of time. And continuing her course to 
‘the Eastward until she reaches the Longitude of 180° E., the Mean Time at the Ship will be 12 hours in 
advance of the Greeuwich Time by Chronometer, and she will have gained 12 hours of time. Being now 
in West Longitude. and continuing her course to the Eastward, her Longitude decreases, and finally, when 
she arrives again on the Meridian of Greenwich, (after cireumnavigating the Globe), it will be found that 
the Mean Time at the Ship is 24 hours in advance of the Mean Time at Greenwich, consequently she has 
gatned one entire day on the voyage. 


In Circumnavigating round by the West, one Day is subtracted from the Greenwich Date. 

In the case of Cireumnavigating, the general practice is, that when on reaching the opposite Meridian 
to Greenwich, (or the Longitude of 180° W.), in sailing round by the West, into East Longitude, and with 
the view of making the general rule applicable, which is, that the Greenwich Time should be the least in 
East Longitude, we subtract one day from the Greenwich Date. so that when the Ship arrives again on the 
Meridian of Greenwich, the time at Ship, and the Greenwich Time by Chronometer will coincide. 
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In Circumnavigating round by the East, one Day rs Added to the Greenwich Date. 


In Cireumnavigating round by the East, the general practice is, that on reaching the opposite Meridian 
to Greenwich, or the Longitude of 180° E,, thence passing into West Longitude, and with the view of 
making the general rule applicable, which’ is, that the Greenwich Time should be the greatest in West 
Longitude, we add one day to the Greenwich Date, and on the Ship’s arrival again on the Meridian of 
Greenw ich, the time at Ship will coincide with the Greenwich Time by Chronometer. 


On Ascertaining the Greenwich Time from the Chronometer. 


_ As only 12 hours are given on the face of the Chronometer, it shows only the time after Noon or Mid- 
night. therefore when it is A. M. at Greenwich, by adding 12 hours to it, we have the time, since the pre- 
ceding Noon. 

If it shows P. M. at Greenwich, the Noon of the present day will be the preceding Noon at Greenwich, 
or the beginning of the Astronomical day, which, with the day of the month prefixed, is called the Green 
wich Date. 


To know whether the Time by Chronometer is P. M. or A. M. at Greenwich. 


To the Astronomical Mean Time at the Ship (which is found by taking one day from the Sea Date, and 
counted through the 24 hours), add the Ship’s Longitude in time in West “Longitude, or subtract it in Kast ; 
the Sum or Difference will be the Mean Time at Greenwich. If it be less than 12 hours, the face of the 
Chronometer will show P. M. at Greenwich; but if the Greenwich Time be more than 12 hours, the face 
of the Chronometer will show A. M. at Greenwich, to which we must add 12 hours to get the Time from 
the preceding Noon, 


Longitude is the Difference of Time between two Meridians, and how Found. 


It will be perceived, from the above remarks that Longitude is merely a question of the difference of 
Time between two Meridians. If we, therefore, have the correct Mean Time at the first Meridian of 
Greenwich, shown by a Chronometer, we can at any time find the Longitude of the Ship by simply taking 
the difference between the Mean Time at Greenwich and the Mean Time at the Ship, found by any of the 
methods already given in this work, which, turned into Degrees and Minutes, by Table XXVI, is the Shiy’s 
Longitude. 

Then, if the Greenwich Time be greater than the time at the Ship, the Longitude is West; but if the 
Greenwich Time is the least, the Longitude is East. 

When one of the Times is P. M. and the other A. M. on the same day, we must add 24 hours to that at 
P.M_., and take their difference for the Longitude in time. 

And when the P. M. and A. M. Times fall on different dates, their difference, counted from their preced- 
ing Noons, is the Longitude in Time. 


Rate of a Chronometer. 


The Chronometer would therefore be a most useful instrument, were it to keep a steady uniform rate 
throughout the voyage, and nothing more would be required ; but as this is seldom the case, (see remarks 
at Pages 79 and 80), it is necessary that it should be verified from time to time during the voy age, in order 
to ascertain its error on Greenwich Mean Time, at the place of observation, and its present rate. The 
manner of doing this will be found at page 155. 


Method of Keeping an Account of the Rate. 


Caleulate the daily error of the Chronometer on Greenwich Mean Time by applying the Rate for each day 
for several days in advance, and write it on the margin of the Nautical Almanac, each day’s error opposite 
the day of the month. So that the error of the Chronometer can be taken out and applied at once from 
the same page that the Sun’s Declination and Equation of Time are taken from. This will be found a 
very convenient mode, and save some time and trouble. 


To Find the Accumulated Error of a Chronometer, after a lapse of Time. 


Multiply the Daily Rate, which is generally given in Seconds and Tenths of Seconds, by the days 
apsed since the last Rate was ascertained, and divide by 60, (if it is above 60), will give the accumula- 
ted Rate, in Minutes and Seconds. This applied to the original error, 


Fast, and the Daily Rate Gaining, Add, 
Slow, and the Daily Rate Gaining, Subtract, 
Fast, and the Daily Rate Losing, Subtract. 
Slow, and the Daily Rate Losing, Add, 


will give the whole error of the Chronometer on Greenwich Mean Time on that day; and it is applied in 
the sam® manner as for a common watch, and requires no explanation. 


When the Chronometer is 
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Mode of Observing Altitudes. 


In taking Altitudes of any of the Heavenly Bodies, for the purpose of finding the time at the Ship, the 
times by Chronometer at which they were observed, must be noted, and the Altitudes are then adced 
together and divided by the number taken. The times by Chronometer are in like manner added together, . 
and divided by the number taken. This gives the Mean of the Altitudes, and the Mean of the Times 
by Chronometer. By this mode we are supposed to obtain a more correct result by taking the Ari h- 
metieal Mean of the Altitudes than can be obtained from one Altitude alone. At all events, it prevents 
mistakes in the readings off. (See also the method given at page 124 ) " 


The Times at which the Altitudes were observed to be taken by a Watch. 


As the Chronometer must, on no account, be removed from the place where it has been fixed for the 
voyage, it may not be convenient to note the time direct from the Chronometer at the time of taking the 
Altitudes. and in that case we use a Hack or common Watch, furnished with a Second Hand, with which 
the Times of the Altitudes are taken. It is then immediately afterwards compared with the Chronometer, 
and their difference noted. This difference being then applied to the Mean of the Times by Watch, at 
which the Altitudes were observed, will give the Time of the Altitudes by Chrqnometer. Its error being 
then apphed, we have the Greenwich Time. 

‘Che Mean Time at Ship by an Altitude of the Sun is then found in exactly the same manner as that 
viven at page 124. using the Greenwich Time by Chronometer, in making the Corrections, in the room of 
the approximate Greenwich Time. The following is an example of the whole process, as is usually done 
at Sea, and both Latitude and Longitude found at Noon. 


EXAMPLE 1. 


March 6th, 1854, (at the end of the Sea Day), a Ship which sailed from her last port 5 days previously had the 
following observations in the morning: The Error of her Chronometer on Greenwich Time, March Ist, was 0h 2m 
14s fast, and the Daily Rate 2s and 6-10 gaining. Ship sailed N. W. 50 miles until Noon, when the Sun’s Merid- 
ian Altitude observed was 45° 32’ S., and the Longitude by Dead Reckoning being about 54° W. Required her 
Lutitude and Longitude in at Noon, 


Snn's Obs. Altitude dame 10° TO eee... Times by the Watch........... app soe .-- Th 11m 243 


Wins 0 0 +e + 6 5.0 biaeis meine APO: RA EMRE POPE oe eee peat a 0 12 380 
0 35 eeerseee etree eo eee eo ee eeene ee “@e@eeeee eeeerererreer ee ee eevee eeeee 0 13 50 
—_3)69 3)87. 44s 
Mean of the Altitudes........ 10° 28’................-Mean of the Times by Watch...... od. cee Th 12m 45s 
Corr, Table IX... cence .. Add 7 Comparison Chro, fast of Wateh.......... 3 49 54 
Sun’s True Altitude. ........-. 10° 30’ Time by Chronometer A. M.............- lih 2m 29s 
Sun’s Polar Distance..... .-+- 95 41 Log. 0,00214 Accumulated Error Fast............- Sub. yA ee 
Latitude. ...........e+..02+- 88 5 Log. 0.10396 Greenwich Time from Midnight. .......... lh Om 2, 
RENE arp ~\p sen aid 0 s.0'0 ER ee « 144° 16’ Add.12. 0 0, 
BUTT «ss se y'n ES 0 ois > Sete 72° 8’ Log, 4.48686 Greenwich Date, Mareh 5th...............28b 0 2 
Difference. ...... ce Ae e+ 61° 38’ Log, 4.94445 Mer. Alt. Obs........ 45° 32'S. Diff Deel. Ih= 58 ” 
Apparent Time.......... 19h 12m 24s Log. 9,53741 Corr., Table IX... Add” Cor. for Ln. 54° W. 33h 
Kquation of Time....Add 11: 28? True Altitude........45° 43 js! 
MGAD T1iidieaia haces: +e 19h 23m 56s Zenith vistance.......44° 17’ N. 2 
Greenwich Time.......... Vy" aah Declination........... 5 37 S. 60)203 ” 
Longitude in Time........ 3h 36m 6s= 54° 1/80’ W. Lat. at Noon....... 688° 40° .N, Corre soc cud as 329, 
Departure made to Nuon, 35’ = Diff. Long. 45 0 W. Course N.W. 50m D. L. 35' Deel... on’ 5° 40") OS 
Long. of the Ship at Noon. ..............54° 46’ 80” W- Lat. at Sights....... Sg? 5°. Deel... i. 5° 86’ 37S. 
To find the Comparison. Sun’s Dee. Noon, March 6th. 5°40’ 2” S. Diff than 
Tene by Chronometer., 365 ke eames csens ce 11h 5m 54s Corr. 1h before Noon... Add ite) 
qoage Dy OW atol. 66.05. UR Oe. Ss {7 16 O Corrected Dec......... PEO ALES, 1Oe 
Yomparison Chro, fast of Wateh,.......... 8h 49m 54s 90-0 0 
. ist: ° / ”" 
Lo; find.the Pipror aah Giecinometer. Palar Distance... . iii es os 95° 41" O 
Chronometer fast March Ist.................0h 2m 14s Equation of Time........ -- 11m 31s‘74 Diff. lh 602 
Days elapsed 5 daily rate 2s 6-10 =......... 18. Corr. 1h before noon.....Add ‘60 
MUMS SGRTON, inj. 0's bind cidna Sie wate vio Oh 2m 27s Corrected Equa.... ....... 11m 382s °34 


“\ 


RULE FOR TURNING TIME INTO LONGITUDE BY COMPUTATION. 


Turn the Hours into Minutes, and divide by 4. This gives Degrees, Minutes, and Seconds. 
Example —d3h 36m 6s is 216m 6s, which, divided by 4, gives 54° 1' 30”. 


RULE FOR TURNING LONGITUDE INTO TIME BY COMPUTATION 


Multiply the Longitude by 4. This turns the Degrees into Minutes of Time, (which, divided by 60, gives Hours 
und Minutes), the Minutes of Longitude into Seconds of Time, and the Seconds of Longitude into Thirds of Time, 


Example—Longitude 54° 1’ 30”, multiplied by 4, gives 216m 6s = 3h 86m 6s. 


FINDING THE LONGITUDE. 14) 


FINDING THE LONGITUDE BY CHRONOMETER FROM THE SUN’S ALTITUDE. 


_ Referring to the 1st Example, it will be perceived that the Time shown by the face of the Chronometer 
is 1ih. 2m. 29s., and the accumulated Error subtracted, would give the Greenwich Time from midnight. 
11h. Om. 2s. The Mean Time at Ship, from the preeeding midnight, being 7h. 23m. 56s., their Difference, 
3h. 36m. 6s., is the Longitude in time. This mode of reckoning the two times from the same midnight is 
frequently done at Sea, because it is more convenient than to reckon them from the preceding Noon. The 
result in either case is the same. The Time from Noon, A. M., in the one case is found by subtracting it 
from 24 hours, and in the other from 12 hours. 

In the Example referred to, the time from Noon is 1 hour, and the difference of the Sun’s Declination 
and Equation of Time for 1 hour, in the column of the Nautical Almanac, is the correction required, to 
be applied as directed at page 124, No. 7. 


RULE 
For Correcting the Sun’s Declination at Noon of the Ship by the Nautical Almanac. 


Multiply the difference for 1 hour by the Longitude in Time, and divide by 60, if required, will give the 
correction in Minutes and Seconds, to be applied to that taken from the Nautical Almanac, as follows: 
eines: Add, 

Decreasing, Subtract, 
Increasing, Subtract, 
Decreasing, Add, 


In West Longitude and Declination 


In 4ast-Longitude and Desimations:<..  « «yetie ee PT ea 


RULE 
To Reduce the Longitude by Chronometer at Time of Sights to Noon 


Take the Latitude in as a Course, and the Departure made in the interval, in the Latitude column, the 
Difference of Longitude is found in the Distance column. Apply this as follows: 
. Sailing West, Add, 
Sailing East, Subtract, 
Sailing West, Subtract, 
Sailing East, Add, 
To or from the Longitude by Chronometer, will give the Longitude in at Noon. 
By substituting East for West. the same Rule may be applied in East Longwude. 


Observation taken in the morning, in West Longitude 


Observation taken in the afternoon, in West Longitude 


EXAMPLE 2. 


April 2d, 1854. (End of the Sea day.) The Latitude observed was 30° 37’ North. Ship then sailed S, E. (true) 
50 miles, when the following observation was made in the afternoon, the Error of her Chronometer on Greenwich 
Mean*Time, on the 23d of March, was ascertained to be Oh. 9m. 31s. fast, and the daily rate 3s 4-10th losing. Re- 
quired her Longitude in at time of Sights and Noon. 


Sun’s Obs. Alt ......... MY Ee cries as Times by Watch...5h. 24m. 0s. To find the Comparison. 
ROAR MMe Gane be aca yn pier hi =). 5 sr a 9 Se Sate 25 0 Time by Chro.. 8h. 42m. 48s 
Do AnD ca cruciate NGG a A oi pelert e's co. SLMS 26 O Timeby Watch,5 28 0 
3)30° 0! “315m. 0s, Comparison... 3h. 14m. 48s, 
Mean of the Alt........ LOP Ose Mn. of the Times by W... 5h.25m. Os. 3 
Corr., Table IX ...Add rte one Comparison...... 3 14 48 
TEMOUAIG) oo sy os Se oy La As. See Time by Chro..... 8h. 89m. 48s. 
Polar Distt 055.83 84° 57’... Log. 0.00169 Accumucerror..Sub. 8 57 
Latitudes, sigtkin «/e 4 ates 30 2 ...Log. 0.06262 Gr. Date, April 2d.8h. 80m. 51s.” 
Sam... ss icoapewen 125° 6! Chr. fast, March 28d.....0h. 9m. 81s. 
Half Sum .......... 62° 33’... Log. 4.66368 Days elap. 10. Rate 3s. 4-10th 34 
Difference .......... 52° 26’... Log. 4.89908 Accumulated error..... Oh. 8m. 57s. fast. 
App. Time...... bh. 24m, 54s... Log. 9.62707. ee Mia sd AOE. 
Se jnmtion: .. Add 8 385 : : Sun’s Declina. April 2d... 4° 54’ 55" N, Dif. lh......... 517’ 
. Si gill tae Correction. ......++. Add 8 4 Time from Noon. 84h 
Mean Time..... 5h. 28m, 29s. it - nary paloma. 
Green Time.cs. 30.2881 Correct Declination...... 5° 2° 59 456 
Long. in Time .. 8b. 2ujh 22s—=45° 35" 30” W. . RARE a BA 
Dep. made since Noon 85 —=Diff. Lon. 40 30 Polar Distance). ........ 84° 57°. 1 ad I 
Long. in at Noon.......... Si 4608 50" WW.  : ae 
Course S. E.50 miles, D. Lat. 95! Dep. 35’ Equation of Time, April 2a.. 3m. 418°7] Dif. th:..2 3.) 7760 
Lat. Obs. at Noon... 0s: . 80° 87! N. Correction Sstaivae nels see Sub. 6 ‘37 «Time fr. N’n, 8h 
Lat. Time of Sights....... 30° 2’ N. 3m. 35834 at pee 
= ; * 6875 


Norr.—The Longitude obtained from Morning Altitudes and brought on to Noon, very seldom agrees with the Lon- 
gitude obtained from Afternoon Altitudes and reduced back to Noon. This is supposed to be eaused by unequal 
refraction in the Atmosphere, together with errors in the observed Altitudes, errors in the Instruments, and that of an 
incorrect Latitude used in the computation. 
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FINDING THE LONGITUDE BY CHRONOMETER FROM THE SUN’S ALTITUDE. 


EXAMPLE 3. 


_ (End of the Sea day.) A Ship being in South Latitude, and in about 17 ° East Longitude, in 
this, cre ii Meas of several sey of the fi was observed to be 12° 10’, and the Time by the Watch 8h 
10m. 20s., which, on being compared, was found to be fast of the Chronometer 5h 15m 38s, and on the 30th April 
this Chronometer was found to have been slow on Greenwich Mean Time Oh 5m 10s, and the rate losing dail 
4 sec,and 7-10th. Ship then sailed on a 8. KE. Course (true) 20 miles, until Noon, when the Sun’s Meridian Altitude 
observed was 33° 14’ N. Required her Latitude and Longitude in at Noon. 


Sun’s Obs. Alt. 12° 10’ Time by Watch........ 8h 10m 20s To find the Comparison. 
Cor., Tab. IX . 8 Comparison..........+- 5 15 38 Time by ‘Chronometer.. 2h 67m 42s 
True Alt..... 12° 18* Face of Chro. A.M...... 2h 54m 42s Time by Watchin, is ss eee 
Polar Dist... 109 54 Log. 0.02674 Accum. Error...... Add 6 44 Bérinavicnt eee Re 
Latitude..... 36 25 Log. 0.09435 @G, T from Mid......... Sh lmigés parison ...++s 
Sum....-++- 158° 37’ Addi2h 0 0 Chro. Slow, April 30th... -Oh 5m 10s 
Half Sum... 79° 184’ Log. 4.26840 Gr. Date, May 19th.... 15h 1m 26s Days elapsed 204s.7-10th — 1 34 
Difference... 67° 04’ Log. 4.96405 Subtract from ........ 24 0 © Accumulated Error...... Oh 6m 44s 
App. T...20h 13m 5s Log. 9.35354 Time Before Noon..... _ 8h 58m inh 
oa - Seekey iat! Sun’s Dec. 20th May. ...19° 58’ 19” N. Diff lh....... “81” 
Rg i gi ror ee ve Correction ........ Sub. 4 39 Before Noon.. 9h 
r. Time Ane so el 
: ay ate ee D ] t eee .19° 53' 40” 60 279 
Lon. in T. 5h 7m 52 76°58’ 0” EL sea alten gs G ki ee, 
Dep. made ; ‘ S90" 0 orrection... 439 
P 14 ..==D.L.17' 30 ure eer 
to Noon Polar Distance. ....... 109° 53’ 40 
a Nook weeeeeeeTT° 15’ 380" E. — Meridian Altitude........... weeue. 88° 14’ N, Dif, Dec. 1h—31” 
11 Long... 77°== 5h 
38° 25! 60)155 
Kq. of Time. .8m 46s'15 Dif. 1h.140 Zenith Distance, ot. se scnisece nes 5 “66° 35'S. 2’ 35" 
Correction...Add 1°26 Bef. N. 9h Declination...... + teas Waris ss 19 56 N. Dece.. 19° 58’ 19 
Correct Eqa..8m 47s'41 Corr..1°26°0 Lat. of Ship at Noon...........6. 36° 39'S. 19° 65’ 44" N. 
Course S. E. 20 miles. Dif. Lat.... uF ae 
Latitude at Time of Sights... .... 36° 25'S. 
EXAMPLE 4. 


October 10th, 1854. (End of the Sea day.) Latitude observed at Noon 20° 41’ South, Longitude in by Dead 
Reckoning 179° 30’ East, at Noon. Ship had sailed N. E. 54 miles since Noon, when the Mean of several Altitudes 
of the Sun was observed to be 18° 45’. Time by Watch 4h 40m 35s, which, on being compared with the Chronome- 
ter, was found to be fast of the Chronometer Oh 14m 22s, and on the 10th of September this Chronometer was slow 


of Greenwich Mean Time 0h 10m 26s,, and gaining 5s, 2-10th per day. Required the Longitude of the Ship at the 
time of the Sights and at Noon. 


Time by Watch. ........++> 4h 40m 35s 
Stn’s. Oba: Ade CeO Nera 18° 45’ Comparison. .... otk 9 deka 0 14 22 
Correction, Table IX...Add 9 Face of Chron, A. M......-- 4h 26m 13s 
True Altitude............. 18° 54’ Add 12>. Oh wf 
Polar Distance ....0....... 83 29 Log. 0.00282 Teme be ihrontn “16h 2 8 
: : y Chronémeter...... 16h 26m 13s 
Datitade, 00 i ics 00 --» 20 3 Log. 0.02715 Accum: Error, slow.... Add 4" 50 
99° , 26S ee 
SUM. eee cece ee eeee eee eee _122" 26 Gr. Date, Oct. 9th’. 6.52... 16h 34m 3s 
Hiatt Sams, ib. s' esecesees 61 18 , Log. 4.68260 Subtract from .... ....... ye 
Differemoe cocaine sveciecs st 42°19 Log. 4.82816 Time Before Noon......... Th 25m 57s 
App. Timea, subesS 4h 48m 53s Log. 9.54073 | 4 
Equation of Time. ... Sub. 12 50 Chron. slow, Sept. 10th...... Oh. 10m 26s 
Mn. Time at Ship, Oct. 10th 4h 36m 3s Daye elapss: Ge Rake e Be Deere oe 
) Add 24 0 0O Accumulated Error......... Oh Tm 50s 


Mn. Time at Ship, Oct. 9th 28h 36m 3s 


° T d th hy zs . 
Mn. Time at Green. Oct.9th 16 34 3 0 find the Comparison 


Time by Chronometer... 4h 29m 138s 


Long. in Time........... 12h 2m 0—180° 80’ 0’ EK. Time by Watch.... ... 4 43 35 
ree 7 © 160 O's app Olite a db la de ae av d 3860 0 0:53 Comparison ee Ae ee Oh 14m 22 
ng. of Ship at time of Sights. ..... .-. 179° 30’ 0s W . ' 
Dep. made She Noon 88m = D. Long. 40 30 Sun’s Dec, Oct. 9th... .6° 37’ 30” S. Dif. Ih—=57’ 
Reckoned from Greenwich .......... _. 180° 10" 0” W Correction........Sub. 6 58 7th 
ubirwsbiromn, 0. Fi a 360 0 0 Correct Declination, .. .6° 30’ 32” S. 399 
¥ ; tee Tite ; bE Hie | 19 
iong. of Ship at Noon ............... 179° 49’ 30” E. inde A rote 
Polar Distance...... 83° 29’ 28" 60)418 
Corr, 6’ 58’’ 
Dae hereon... eT van 20° 41'S. Equa. of Time. ..... 12m 55s'18 647 
Course N, E. 54 miles—Dif. Lat. Sub. 0 38 Correction ..... Sub. y Saf ee ith 
Lat. at time of Sights ............. 20° 3’S. Correct Equation. ...12m 50s‘44 452°9 
216 
Corr. 4745 


Nore.—In the 4th Example the Ship has crossed the Meridian of 180° Fast, in the interval between Noon and the 


time the Sights were taken in the afternoon, having passed from East into West Longitude, and if bound to the East- 
ward, we would add one day to the Greenwich Date. (See page 139.) 
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EXAMPLE 65. 


August 5th, 1854, (end of the Sea day,) a Ship being in North Latitude and about 179° West Longitude, In 
the Morning the Sun’s observed Altitude was 35° 6’, and the Time from the Face of the Chronometer was 8h 39m 
22s. (being P. M. at Greenwich,) which was fast of Green. M. T. Oh 30m 35s. Ship then sailed due West 48 miles 
until noon, when the Sun’s Meridian Altitude observed was 76° 11'S. Required the Ship’s Latitude and Longitude 
in at Noon. 


Sun’s Observed Altitude...... 35° 6’ Time by Chronometer. .......+s.e- . 8h 39m 22s 
Corr. Table IX......: ee Te Le Chronometer fast of Greenwich...... 30 35__ 
ROG ANULUGG. soo. one eset JOEL, Greenwich Time Aug. 5th........... 8h 8m47sP M 
Reuat IIStANCd. .. sven see ore 13 4 Log. 0.01925 Add. 24h Om Os 
BextiGade eet reeset aad 30 30 Log. 0.06468 Greenwich Date Aug. OT a PART 32h 8m 47s 
oo ili EES PETE De PLS 138° 51’ 
Beas Suita. a ore ee aap 69° 26’ Log. 4.54567 mA Altitude... ae “76° oe) S. Dif. Dee. oe 
Difference... .. 602.5 shige « 84° 9’ Log. 4.74924 pe NER 0 Ean Pi ahaboaies | 
Apparent Time........-ee0- 20 5° 44' Log. 9.87884 Trae Altitude BPS or Pope 60)492 
Equation of Time........Add 5 48 Zenith Distance........... 18° 87’ N. 8’ 12" 
Mean T. Ship Aug. 20,.. 20h llm 278 Declination. ....220...20+. 16 53 S. he: Lind Ss. 
Green. Date, Auged: 62.55.82 SQ": Latitude at Noon......... 30° 30’ N,, D.16° 51’ 48” S. 
Longitude in Time........ 11h 57m 20s=179° 20’ 0 W. : pet I o MUR: ; i 
Departure made to Noon, 48—=Diff. Long. | 55 45 W. ome 8 Declination...... a 17° 1 2" N,, Dif. 1h 41 
Reckoned West from Greenwich......... [80° [OHDOT eee een ee ne Sos 
Seal: froui.= cosets 360 0 0 Correct Declination........ 16° 55’ 84” N. )328 
Long. of the Ship at Noon..... a 179° 44’ 15” E. 90. 5! 28" 
Polar Distance............ 73° 4’ 26” 
Norr.—Here the Ship has crossed the Meridian of 180° 
West, between the time the Sights were taken and Noon, Equation of Time..... ...... 5m 44s 64 Dif. 1h 0°258 
and she is now in East Longitude. We therefore Sub- Corr................ 000. Sub. 2 *06 8h 
tract one day from the Greenwich Date, if the Ship is Qopreet Equati sm 4985S 06° 
Bt Waakne Hoa vase, 135, quation........... 5m 42s °58 2°06°4 
EXAMPLE 6 


November 28th, 1854, (end of the Sea day,) the Sun’s Altitude in the Forenoon was observed to be 50° 25’, when 
the Face of the Chronometer showed 9h 33m 10s A. M. at Greenwich, and which was correct for Greenwich Mean 
‘Time. Ship then sailed E. by N. 31 miles, when the Sun’s Meridian Altitude observed was 68° 28’ 8. Required 

the Ship’s Latitude and Longitude at Noon. 


Sun’s Observed Altitude...... 50° 25’ SrataT OCT: S cs «.c <.s4es ae ae 12h Om 8s 
MONT, LADLE LAS os sci sowie wns 11 Greenwich Time by Chro...... 9 33 10 
PU AIUCUIG Sis oro sip 3 one's '* 50° 36’ Time before Noon............ 2h 26m 50s 
Polar Distance.......... wees 68 42 Log. 0.03078 Sun’s Meridian Altitade........... 68° 23’ S. 
BM ea SPAS aie ohn ga eee Aa 0 0 Log. 0.00000 Correction...... : ies 12 
Sum... ses e esse eee eenee ees 119° 18! True Aliitade. «<<. aghast Gee 68° 35’ 
Half Sum.........-.000++: , 59° 89" Log. 4.70358 Zenith Distance..........ee8. evra? 25° NG 
RPRIROMMIEC SOS os nly whe lana tahgta’s 9° 3’ Log. 4.19672 Declination .,.....\45 See cao ae 21 19 S. 
Apparent Time...... ea bsee 9h 44m 9s Log. 8.98098 Latitude in at Noon.............. O* 6°N 
Equation.......... Be ecina.b ll 54 Course E. by N. 31 miles D. L....... 6—& Dep. 30 
Mean Time at Ship........ 9h 82m 15 from Midnight. Liat. time of Sights................. 0° 0’ 
ich Mean Time....:.9 33 from Midnight. |. 3. f 
2 pipe aise ned ——————— ss Mae gaoe Sun’s Declination.............. 21° 19’ 21” S. Dif'26” 
Long. in Time.............0h Om 558= 0° 18’ 45" W. Gon ootion 1 65 24 
Departure made to Noon 30—Diff. Lon. 30 0 EL. MR a a ONS Ee TT, — 
Me eke ol ieost tr 0° le" 18" E Declination...... i wide wtrd'd 65's = 21° 18’ 16” S. 52 
8: mp wc maps aby ee ae” " Polar Distance.........00.... 68° 41’ 44” 13 
8 
ora “Eisre: the aiep Than amemed the Moeidiah of Equation of Time............. 11m 52s °4 Dif. °87 2 
Greenwich, between the time the Sights were taken and Qo) .ection 2-1" Pla 
Noon, from West into East Longitude. tT Penal al at? y= in e 1742 
Equation. .....+...+.+. o secslee 1lm 54s ‘21 435 
217-7 


QUESTIONS FOR EXERCISE. 


Quest. 1. July 20th, 1854. Inthe Morning the Sun’s observed Altitude was 33° 19’, when the Face of the Chron. 
showed 9h 28m 40s A. M. at Green., and which was fast 0h 5m 47s S. Ship sailed onaS.S. W.4 W. Course 32 miles, 
until Noon, when the Lat. Obs. was 26° 27’ N. Required the Long. of the Ship at the time of the Sights and at Noon. 

Answer—Longitade at time of Sights 21° 12’ W., and at Noong1° 29’ W. 


Quest. 2. September 25th, 1854. In the Afternoon the Sun’s observed Altitude was 18° 20’. Time by the Chron. 
Oh 7m 888, being P. M. at Greenwich, and which was fast Oh 7m 2s. The Latitude observed at Noon was 37° 57'S, 
and the Course was E. N. E. 29 miles since Noon. Required the Long. in at the time of the Sights and at Noon, 

Answer —Longitude at time of the Sights 64° 49’ E, and at Noon 64° 15’ E. ; 
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TO CORRECT THE LONGITUDE BY CHRONOMETER AT NOON WHEN THE LATITUDE 
IS IN ERROR. 


In the foregoing Six Examples the Latitude used in computing the time at Ship has been deduced from 
the Latitude by Observation at Noon, and when the Altitudes are observed in the morning we have in 
that case to wait until Noon, before the Ship’s position can be accurately ascertained. 

And as it is sometimes of importance to know the Longitude by Chronometer as soon as possible after 
the Sights are taken in the morning, within a few minutes of the truth, we have in that case to use the 
Latitude by Dead Reckoning from the preceding Noon in working the Time, and which may be considerably 
in error, and as before explained at page 122, greatly affects the Hour Angle. (except when the Sun is on 
the Prime Vertical,) so that after finding the correct Latitude we have to work it over again. . 

To save all this trouble Tables A and B, No. XXX., are given for the purpose of correcting the Lengitude 
by Chronometer, brought on to Noon for the effect of an error in the Latitude used in computing the time 
at the Ship, and all we have to do is to take out the Correction for the Longitude from the Tables, (which 
is expressed in minutes and seconds) for each mile of Latitude. This, multiplied by the number of miles 
of error in the Latitude worked with, gives the whole correction to be applied to the Longitude brought on 
to Noon, and the result is the correct Longitude of the Ship at Noon. 


RULE 
For Using Table XXX. 


Enter Table A with the Latitude worked with at the side, and the Hour Angle at the Top, and at the 
Angle of meeting take out the Correction. 

Enter Table B with the Declination at the Side and the Hour Angle at the Top, and at the Angle of 
meeting take out the Correction. 

When the Latitude and Declination are of the same name, the difference between the Corrections found 
in Tables A and B is the Correction of Longitude for each mile of Latitude in error. And Note whether 
the Correction found in Table A be greater or less than that found in Table B. 

When the Latitude and Declination are of contrary names the Sum of the Corrections in Tables A and 
B is the Correction of Longitude for each mile of Latitude in error. 

Multiply the Correction for Longitude by the number of miles of error in the Latitude, which will ¢ ive 
the whole Correction for Longitude. 


oo 


To Apply this Correction. 


When the Corrections in Tables A and B are subtractive and the one found in Table A is less than the 
one in Table B, apply the Correction as follows : 


Latitude worked with being too Small, Addin West Longitude, Subtract in East. 
Latitude worked with being too Great, Subtract in West Longitude, Add in East. 


When the Corrections in Tables A and B are additive, and also when the Correction in Table A is greater 
than that in Table B, Subtractive, as follows : 


Latitude worked with being too Small, Subtract in West Longitude, Add in East. 
‘Latitude worked with being too Great, Add in West Longitude, Subtract in East. 


To or from the Longitude by Chronometer, brought on to Noon by the Dead Reckoning, will give the 
Ship’s Correct Longitude by Chronometer at Noon. 
EXAMPLES 
In Using the Tables. 


Lat. worked with 30° 30’ N., H. A. 3h 15m Tab, A==31” Lat. worked with 50° 10’ N., H. A. 2h 45m Tab. A 1’ 21” 
Dec, 22° 30’ W. (same name) H.A.3h15mTab.B 33” Dee. 23° S. (contrary names) H. A.2h45mTab.B 39” 


The Diff. is the Corr. for each mile of Lat.... 9" | The Sum is the Corr. for each mile of Lat...... 2’ 0” 
Lat. worked with found to be too small,...... 10m ___, Lat. worked with found to be too great........ 10 
Whole Corr. for Long, to be Added. ......... 20” | Whole Corr. for Long. to be Subtracted........ 20’ 
Long by Chro. brought on to Noon..... 60° 13’ 30" W. Long. by Chro. brought on to Noon........ 30°14" W, 
Corr. Long by Chro. at Noon........ wk 1y 50’ W. Correct Long. by Chro. at Noon.......... 29° 64’ W 
| 
The Latitude and Declination being of the same name | The Latitude and Declination being of contrary names 


the Difference of the Corrections in the Tablesis the Cor- _ the Sum of the Correction in A and B is the Correction 
rection Additive, because the Latitude was too small and Subtractive, because the Latitude was too great and the 
the Longitude West. ' Longitude West. 
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TO CORRECT THE LONGITUDE BY CHRONOMETER AT NOON WHEN THE LATITUDE 
IS IN ERROR 


EXAMPLE 9. 


Mareh 6th, 1854. (End of the Sea day.) At about 7h 30m in the morning, the Sun's observed Altitude was 10° 
23', and the Greenwich Time by Chronometer 11h 0m 2s, A. M.,, or 28h Om 2s, from the preceding Noon. The Lati 
tude in. by the Dead Reckoning from the preceding Noon was 87°53’ North. Ship then sailed N. W.(true) 50 miles 
until Noon, when the Latitude observed was 38° 40’ North. Required the Error in the Latitude with which the 
‘Time at the Ship was found, and the correct Longitude by Chronometer at Noon. 


WE EG OE 1p 10° 23 Gr. T. by Chro. A. M..11h. 0m 2s Same as Examp. Ist, page 141. 
a “Tab IX. “SKdd q Add.12. 9 0 Stm’s Corr. Dee... ..5° 40° S. 

sey yf cae ace ae Uae TO Gr, Date, March 5th. 23h. Vin 2s + (See 
FOIA Witt. ews cae he 95 40 Log. 0.00213 Poter Dist 2.2. 95° 40’ 
Latitude ........-- 387 53 Log, 0.10278 Equa. of Time.. 11m 32s 
Sum... eee sees lid 3 True Course to Noon N. W. 50, D. Lat 35’ N.and Dep. 35 W 
PAQUT UM pr aet e «= 72° 2’ Log, 4.48920 Lat. by D. Reckon. at time of Sights... 37° 53’ N. 
Difference. ...... .. 61° 82’ Log. 4.94404 Lat. by D. Reckon. at-Noon......... 38° 28 
H. A. 4h 47m he Lat. by Observation. ............... B83 40 


53s Ap. ‘ime 19h 12m Ts==Log. 9.53815 
Equa. of T.. Add 11 32 


Error in the Latitude worked with 12’ too small. 
Lat. worked with 38° and H. A. 4h 48m in Table A. Corr. 15” 


Mn. T. at Ship. 19h 23m 398 Dec. 5° 40’ of (contrary names) H.A. 4h 48m in Tab. B. Corr. 6 
Gr. Time...., 23 0 2 Their Sum as the Correction per mile...........0065: yy" 
Long. in Time. 8h 86m 23s Lo.54° 5'45’’W. Number of miles error in the Latitude..........2.--- 12 
Dep. made to Noon —35'==D. L. 45 0 60)262” 
Approx)Lon. by Chro.at.Noon. .54° 50’ 45" W-" whole Correction for Longitude .............<- me her vasa 
Gor. from Table XXX.....Sub. 4 12 W. (set 


Cor. Lon. by Chro, at Noon.... 54° 46’ 33. W. Agreeing within 3’’ of the Long. in Example Ist, page 140. 


EXAMPLE 10. 


May 20th, 1854. (End of the Sea day.) At about 8 o'clock in the morning, the Sun’s observed Altitude was 
12° 10’, ang the Greenwich Time by Chronometer 8h 1m 26s, A. M., or 15h 1m 26s, from the preceding Noon. The 
Latitude in by the Dead Reckoning from the preceding Noon was 36° 40'S. Ship then sailed S. E. (true) 20 miles 
until Noon, when the Latitude observed was 36° 39'S. Required the Error in the Latitude used in finding the 


Time at the Ship, and the correct Longitude by Chronometer at Noon. 


rma s Oe, Alt. . asa: 12° 10’ G.T.by Chro., A.M. 8h 1m 26s Same as Ex.3d, page 142, 
Corr, TableIX....Add 8 Add 12 0 0 Sun’s Dee.cor. 19° 54’ N, 
yc Coa | a 12° 18’ Gr. Date, May 19th, 15h 1m 26s 900 
PARP IDB. 6 sino css csjeers i09 54 Log. 0.02674 Polar Dist... 109° 54’ 
TTR 6 aa Sen tetde 86 40 Log. 0.09576 Fauati eT; eiuae 
eA eh nce. ot coil BED cleats S'S ORR ne 
Half Sum....... w+. 19° 26" — Log. 4.26335 True Course to N’n 8. E. 20 miles. D. L. 0° 14’ Dep.14 
Difference ........... 67° 8’ Log. 4.96445 Lat. by D. Reck. at the time of Sights. 36 40 
H.A.3h46m. Ap.T..20h 14m 0s — Log. 9.85030 Lat. by D. Reckon. at Noon ......... 36° 54’ S, 
Equa. of Time. .Sub.. 3.47 Lat. by Obs. atiNGomeeore.........- 386 389 Ss. 

Mn. Time at Ship.. .20h 10m 138 Error inthe Latitude worked with 15’ too great, 
Green, Time...... 15 1 26 Lat.worked with 37° S. H. A. 8h 46m in Tab, A. Corr. 30” 
Long. in Time..... 5h 8m 47s—=Long. 77° 11’ 45” E. Dee. 20° N. (con. name) H. A. 8h 45m Table B. Corr. 26 

/ f eS" 
Dep. made to Noon 14’==D. Long. made. 17’ 45" E. Their Sum is the Correction per mifeve es 56” 
Approx. Long. by Chro.at Noon....... 77° 29' 30" E. Number of miles of error in the Latitude....... 15: 
Oorr. from Table SAX... eens Sub. 14 0 280. 
Correct Long. by Chro. at Noon....... 77-1520" 56 
This agrees exactly with the Long. in Example 3. ‘ 60)840"" 
Whole Correction for Longitude. ....... Sub... 40” 


Norr.—When it is of importance to know the Ship’s true position at Noon directly the Latitude is observed, Table 
XXX will be found of great service. 

For instance, after Seven Bells we can estimate the Course and Distance the Ship will have made to Noon near 
enough, so as to work up the day’s work and find the Latitude by Dead Reckoning, and also to bring up the approxi- 
‘mate Longitude by Chronometer to Noon. * 

Then the instant the Latitude by Observation is determined, the Error of the Latitude by Dead Reckoning can be 
fonnd, and the approximate Longitude by Chronometer corrected, as in the above Examples. 

This Table will also show at once the effect of an error of one mile of Latitude in producing an error in the Long 
tude by Chronometer in any given Latitude; and it will be perceived that an error of this kind has-the greatest effect 
ix High Latitudes. 
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TO FIND THE LONGITUDE BY CHRONOMETER AT SUNRISE OR SUNSET. 


The method of finding the Time at the Ship from the Sun’s Rising or Setting is given at pages 128 and 
129, and the same Examples will answer the purpose of finding the Longitude by Chronometer ; because 
we have only to compare the Watch with the Chronometer, and thence find the Greenwich Time at which 
the Sun rose or set, or the Time may be taken at once from the Chronometer without the Watch. Then 
the difference between the Mean Time so found at the Ship, and the Greenwich Time by Chronometer, 
is the Longitude in Time. 


EXAMPLE 1.—(See page 128.) 


Jan, 25th, 1854. Latitude in 88° 42’ North, the Sun’s Lower Limb was observed to Set, by Watch, at 5h 3m 25s, 
which, on being compared with the Chronometer, was found to be 7h 7m 11s slow of the Chronometer. The Mean 
Time at the Ship was found to be 5h 11m 16s, and the error of the Chronometer on Greenwich Mean Time 38m 20s 
too fast. Required the Longitude of the Ship. 


Time by Watch at Sunset........ eoveee . 5h 38m 25s 

Watch Slow of Chronometer..... hci ina ad le 

Time by Chron. at Sunset ..... ......4.. 12h 10m 86s Green. Mean Time at Sunset, Jan. 25th.. 12h 7m 16s 
Chron. fast of Greenwich Mean Time...... 3 20s . Mean Time at Ship do Jan. 25th.. 5 11 16s 
Green. Mean Time at Sunset............. 12h %mié6s_ Long. of the Ship at Sunset, 104° 0’ W.—6h 56m 0s 


EXAMPLE 2.—(Same as at page 129.) 


June Ist, 1854. In Latitude 25° North, the Sun’s Upper Limb was observed to Rise at the instant the Time 
noted on the Face of the Chronometer was 1h 6m 12s A. M. at Greenwich, and which was Slow of Greenwich Mean 
Time 2m 24s. The Mean Time at the Ship was found to be 5h 9m 36s, the Ship being in East Longitude. Required 
the Longitude of the Ship. 


Time by Chronometer at Sunrise ............+..000% ee.» lh 6m 12s, being A. M. at Greenwich. 
Chronometer Slow of Greenwich Mean Time .............- 2°94 

Greenwich Mean Time from Midnight, June Ist............ 1h 8m 36 or May 3lst.. 13h 8m 86s 
Mean Time at the Ship from Midnight, June Ist............ 5 9 86 or May 3lst..17 9 36 


Longitude of the Ship at Sunrise, 60° 15’ 0’ E—4h 1m 0s 


As no reflecting instrument is required in this Observation, (we use in its room the common Spy-Glass,) 
its accuracy, therefore, rests entirely upon the instant of time noted by the Chronometer at which the Sun's 
Upper Limb at rising, or his Lower Limb at setting, touches the horizon. This is liable to a small error, 
sometimes, in consequence of unequal refraction and mirage at the horizon. (See Note at page 129.) 

The Latitude of the Ship may also be determined by an Altitude of a Star or Planet at twilight, and 
the Ship’s position found as correctly as at Noon, as follows : 

Enter Table XVIII with the day of the month, and find what Star will pass the Meridian a few minutes 
before Sunrise, or after Sunset; or inspect the Nautical Almanac, and find what Planet will pass the 
Meridian about that time, as directed at page 104, No. 2. 

Compute the Altitude, and find the Star as directed at page 106, No. 3, or find the Planet as directed at 
page 104, No. 3, and observe the Meridian Altitude. 


EXAMPLE 
Of Finding the Latitude at Sunset by a Star.—(See Example 1st.) 


January 25th, 1854, (End of the Sea day.) The Latitude at Sunset being required, we look into Table X VIII, 
and find the nearest Star on the Meridian to be the N. Pole Star, which passes at 4h 87m, and is not visible on account 
of the Sun-light, but at 5h 15m, or 15m after Sunset, its Altitude was observed to be 40° 13’. We find the Latitude 
to be 88° 42’ North. (See this method at page 109.) 


EXAMPLE 
Of Finding the Latitude at Sunrise by a Star.—(See Example 2d.) 


June Ist, 1854. (End of the Sea day.) The Latitude at Sunrise being required, we first add 12 hours to the 
Apparent Time at Ship, 5h 12m, which gives the App. Astron. Time, May 81st, 17h 12m, and on referring to Table 
XVIII, we find that the Star Gruis passes the Meridian at 17h 24m, or 12m after Sunrise, and by computing the 
Meridian Altitude, and setting the Index of the Quadrant at 17° 20’, the Star will be found at that Altitude in the 


South point of the horizon at a few minutes before Sunrise, and supposing the observed Altitude to have been 
17° 27’, the Latitude in would be 25° 0’ North, # ° 


Nore.—As the change o ‘Altitude of these two Stars, when near the Meridian, is very slow, an error of a few minutes 


in the time at the Ship wil de of no consequence. Hence both the Latitude and Longitude of the Ship may be found 
by Observation, at Sunrise +: Sunset. 
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FINDING THE LONGITUDE BY CHRONOMETER AT NOON FROM EQUAL ALTITUDES 
OF THE SUN. 


The method of finding the Apparent Noon at the ship from Equal Altitudes of the Sun near the Meridian, 
and thence the Mean Noon, is given at page 130, and in finding the Longitude by Chronometer at Noor, we 
have only to compare the Watch with the Chronometer, and apply the comparison to the middle Time by 
the Watch, which will give the time by Chronometer at apparent Noon. Or if we Note the time by Chre 
nometer when the Sun’s Altitude is the same both before and after Noon, the middle of the times is the 
time by Chronometer, at apparent Noon, (See Note at the bottom of the page,) to which its error on Green- 
wich, applied as usual, gives the Greenwich time by Chronometer, when it is Noon at the Ship. 

The only Correction necessary in this case is for the Equation of Time, which must be Corrected as 
usual to the Greenwich Time by Chronometer, aad applied as directed in the Nautical Almanac to Apparent 
Noon, will give the Mean Noon at the Ship. Then the difference between the Mean Noon at Ship and the 
Greenwich Mean Time by Chronometer is the Longitude in time, which turned into Degrees and Minutes 
by Table XXVI., is the Longitude of the Ship at Noon. 


EXAMPLE 1—(See Page 130.) 


April 2d, 1854. (End of the Sea day.) The Altitude of the Sun’s L. Limb was observed to be 85° 40’ at a few 
minutes before Noon. Time by Chronometer 1h 46m 10s P. M. at Greenwich, and when the Sun fell again to the 
same Altitude in the Afternoon, the Time by Chronometer was 2h 12m 16s, and its Error 38m 33s Fast. Required 
the Longiti#le by Chronometer at Noon. 


Sun’s Observed Altitude.......... ....-.A. M. 85° 40’ Time by Chronometer... 1h 46m 10s P. M. at Green. 
“Se re dGsva ak =: hares Te aac 5 P. M. 85 40 nT eR ss o's a d0f eee 2° 12-- le ede do. 
gi or ieeh GeO $)3h 58m 26s 
aN of Time April 2d. Sob om ae te sal oh Lime by Chron......... 1h 59m 13s at App. Noon. 
ae, 3 ° ne Se we Soren wt Chro. Fast of Green., Sub. 8:88 
ALR EN beet AOE a i ca “oW Green. Mean Time...... 1h 55m 40s \ 
App. Noon at Ship ae Se he itis Maa Mean Noon at Ship...... 0 3 40 
Mean Noon at Ship....... 0h 3m 40s 


Lon. of the Shipin time.. 1h52m 0s=28° 0’ W. at Noon. 


EXAMPLE 2.—(See Page 180.) 


April 26th, 1854. (End of the Sea day.) The Altitude of the Sun’s L. Limb was observed to be 68° 20’, Time 
by the Watch 11h 20m in the Forenoon, and when the Sun had fallen to the same Altitude again in the Afternoon, the 
time by the Watch was 12h 34m 6s, which on being compared was found to be 8h 0m 28s Fast of the Chronometer; 
and the Error of the Chronometer on Greenwich Mean Time was 3m 10s too Slow. Required the Longitude by 
Chronometer at noon. 


Sun’s Observed Altitude........ ARE ..A. M. 68° 20’ Time by Watch....... 11h 20m 0 
DO cn. va ack oe AG ou tas Des tien ves P.M°68 '20 dos... ..do.. «os wiamenugee 8S GUD 
: , . 4)28h 54m 6s 
pe of Time April 16th. ae Om ae ee Diff. 1h 603 vga Time by Watch... 1h 67m 3s 
a Bete atce ae org ra05 Comparison.......Sub, 3 0 28 
SS Sepa oral el a gen cn ae 4 ‘UY ‘Time by’Chro......... 8h 56m 40s at App. Noon. 
App. Noon at Ship....... 120 0 Chr. SlowofGreen, Add. 3 10 
Bispm. Hoon st Bhip:\s<...;.11h 5mm B0p Green, Mean Time..... 8h 59m 50s 
Comparison. Mean Noon at Ship.... 11 59 650 
Watch Showed sce. fest ee ee --» 12h 36m 08 Jon of the Ship in Time. 3h 0m 0s=45° 0’ E.at Noon 


Chronometer Showed.......... so eater mege tO Sh- 137 
Watch Fast of Chronometer.............-. 8h Om 238 


Degree of Dependence. 


This method, as before observed at page 130, is most suitable for Low Latitudes ranging to 30° on each 
side of the Equator. Because when the Ship makes much way, and the interval between the Altitudes is 
great, the First Altitude will not be equal to the Second, on account of the Ship’s change of place of Ob- 
servation and the Sun’s change of Declination. Except when she Sails due East or West, in that case it 
becomes a question of Time only, and does not affect the result. 


Nore.—But when she makes much Northing or Southing in the interval, it is evident that the same Altitudes will no 
longer give the correct middle time at Apparent Noon. ‘The Error in the Altitude will be equal to the Difference of 
Latitude the Ship has made in the interval. For instance, a Ship Sailing South in North Latitude, the P. M. Altitude 
would be too small, and Sailing North the P. M. Altitude would be too great by the Amount of the Difference of Lati- 
tude made in the interval, therefore the Rule is, when Sailing towards the Sun, we must increase the A. M. Altitude 
which is on the Quadrant by advancing the Index of the Instrument equal to the Difference of Latitude made in the 
interval. But in Sailing,from the Sun we decrease the A. M. Altithde by screwing back the Index equal to the Differ- 
ence of Latitude made in the interval, and when the Sun falls to that Altitude in the Afternoon, and the time noted b 
Watch or Chronometer, the correct middle time is found at Apparent Noon as before. But as this method is muc 
used at Sea in its present form, because of its extreme simplicity and independence of both Latitude and Declination, 
and which, with ordinary caution, it is well adapted for the use of Seamen in detecting any very gross error in the more 
regular mod» >? working out the Time at Sea, * 
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FINDING THE LATITUDE BY THE SUN, AND THE LONGITUDE BY SHRONOMETER, BY 
THE MOON’S ALTITUDE AT NOON. 


When tue Svn is on the Meridian, his Altitude determines the Latitude, and when the Moon is at a 
proper distance from the Meridian her Altitude will give the Time at the Ship, and thence the Longitude 
by Chronometer at Noon. ay: . Pus ; 

Or the Moon may be on the Meridian, when her Altitude will give the Latitude, and an Altitude of the 
Sun at the same time will give the Longitude by Chronometer. 

Or Altitudes of the Moon, Planets or Stars taken in like manner will give both Latitude and the Longi- 
tude by Chronometer at the same time. 

The advantage of this method is that the Latitude being correctly known at the time of taking the Sights 
for Chronometer, the Altitudes of the object for Time may be taken nearer to the Meridian than other- 
wise, without producing an Error in the H. Angle, always providing that their change of Altitude be not 
less than 6’ inone minute of time. 


EXAMPLE BY THE SUN AND MOON AT NOON. 


- March 24th, 1854. (End of the Sea day.) The Latitude observed from the Meridian Altitude of the Sun was 
40° 10’S., and at the same time the Altitude of the Moon’s Upper Limb was observed to be 41° 40’ to the West- 
ward of the Meridian, and the Greenwich time by Chronometer was 17h 48m 27s. Required the lee in by 
Chronometer at Noon. 


Obs. Altitude ) ’s Up. Limb..... 41° 40’ Green. Time by Chron., March 23.. ,...... 17h 48m 278 

Semid. 16’, Dip. 4’......-++ Sub. 20 Be tet 

Hor. Parl. 59’ and Altitude. ..... 41° 20' Green. Time past Midnight. ............. 5h 48m 27s 

Gives the Corr. Table XXV..... 43 

True Altitude... siecna on aie 492° 3! Sun RY AMQSaae oss. sss .--. Oh 9m 22s Diff. lh 9s 

Polar Dist: ....5.00s wesvcese-- 66 53 Log. 0.08685 Add 2 42 18h 

Latitude Observed. ......ee. iv. 40 10 tee 0.11681 Sun's Cor*Hetige se... ce . Oh12m 4s 60)162 

Sum..... weer ec eme serene nye 149° 6" Corr. Uae ss). een Ravlwiny pes fy rb 

Half Sum....... SAAT ..- 74° 33’ Log. 4.42553 Pk | 

, ? 39° 30’ We 4.73022 )’s Declination March 23d, Mid......... Pita + ies at 

Difference. ..... ees cccencccess ; it g. ee 46 Mita ath Noone bgt 

> Hour Angle, West. .. Pd en a Be °-8089 Difference of Declination in............ 12h=1° st’ 

D's: R. Ascen, +++. praimigarts: 20 2h EN Corr, Table XXII: y2ea ea like k 0° 44! 

R. Ascen. of the Meridian....24h 12m 57s Déclination at Midiics Lue Mee eae 23 651 

Sun's KR. Ascen. 5 eels ube 0 eae Correct Declination... .....e:0s st ssteals 23° T'S. 

App. Time at Ship........ .24h Om 53s 90 0 

Equation of Noes ‘4 a D.’s, Polar. Distanee.: ...0.0.4<aeee eee 66° 53° 

Mean T. at Ship, March 23...24h 7m 24s 

G. M. T. by Chr. March 23....17 48 27 D's R. A. Mar. 23d ...20h 23m 588 at Mid. 

Longitude in Time.......... 6h 18m 57s Mar. 24th...20 53 47 at Noon. 

Longitude of the Ship..... tr 04° Ane 15” E. at Noon. Say as 12h is to 29m 548 so is 5h 48m T. from Mid. 
Pro. Log. of 12h, Table XXXIV. 1.1761 
Arie, Comps J... #16. bhen tas tale 8.8239 

Equation of Time........ lpi + 6m 458s°27 766 Pro. Log. of 29m 548........... 0.7796 

Gort. ss Sains Atte ta: Add 1338 °79 18h Pro. Log. of 5h 48m............ 1.4918 

Correct Equation. 02... 46.0.0 00. 0 om 6m 31s ‘48 13°78'8 1.0953 Corr. 14m 278 
+. genoa Mid... cv sees see eS 20h 23m 53 
D’s Correct R. Ascen.......... aie BNI ake 20h 38m 20s 


4 


Finding the Latitude by a Planet, and the Longitude by Chronometer by the Moon’s Altitude at the same time. 
QUESTION. 


Oetober 8d, 13854. In North Latitude and West Longitude at Twilight in the evening the Meridian Altitude of 
the Planet Jupiter was observed to be 39° 8'S. About the time the Altitude of the Moon’s L. Limb was 13° 19’ 
Kast of the Meridian, and the Greenwich Time by Chronometer, October 3d, 11h 28m 52s P. M. Required the 
Latitude by Observation and the Longitude by Chronometer. ~ 


Answer.—In this case the Correct Altitude of the Moon is 14° 24’, her Polar Distance 102° 28’, her Hour 
Angle 4h 28m 40s, R. A. 22h 52m 48s, R. A. of the Meridian 18h 29m 8s, the Sun’s R. A. 12h 88m 19s, Apparent 
Time at Ship 5h 50m 44s P. M,, and the Mean Time 5h 39m 40s. The Latitude observed 28° 16’ N., and Longitude 
by Chronometer 86° 3’ West. 


Nore.—It may perhaps be necessary here to repeat,the remarks already made at pages 101 and 104, which is, that the 
Meridian passages of the Moon and Planets are given in the Nautical Almanac for Mean Time, and which must be turned 
into Apparent Time by Applying the Equation of Time the contrary way to what we would do in turning Apparent 
into Mean Time. 

In the case of the Planet Jupiter in the above Question he passes the Meridian by the Almanac at 6h 31m. The Equa- 
tion of ‘Time, 11m, added, gives the Apparent Time 6h 41m, at which he passes the Meridian, or that shown by a 
Watch regulated to Apparent Time at the Ship The Moon’s Meridian passage is found in like manner. 
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FINDING THE LATITUDE BY A STAR, AND THE LONGITUDE BY CHRONOMETER, BY 
A PLANET. 


EXAMPLE. 


April 2d, 1854. (End of the Sea day.) In North Latitude and West Longitude, the Meridian Altitude of the Star 
Castor was observed to be 77° 52’ North, and at the same time the Altitude of the Planet Saturn was 37° 538’ to 
the Westward of the Meridian in the evening twilight, and the Greenwich Time by Chronometer was 10h 58m 10s 
P.M. Required the Latitude in and the Longitude by Chronometer. 


Mer. Alt. % Castor 77° 52’ N. Obs, Alt. Sat. 87° 53’ G. T. by Chro. wy Ar 
Corr,Tab.XXSub. 4 Corr-Tab. XX, Sub. 5 Ap. 24, t 10h 56m etc ett ta 
Trae Alte. . + iss 77° 48' True Alt..... 37° 48 ; A 
Zenith Dist....... 12° 12’ 8. Polar Dist... 71 50 Log. 0.02221 Polar Dist... 71° 50 
’a Dec. 1854 ... 82°12 N. Lat. Obs..... 20 0 Log. 0.02701 
we. eine 90° ON j29° 38 re Saturn’s R. A. April 2d, 3h 47m 15s 
Latitude ey ee eens 20 ORIN : April 3d, 3.47 “Al 
at the time Castor passed Half Sum... 64° 49’Log. 4.62892 Say as 24h is to 26s, so is llh 
the Merid., or at 6h 40m _ ~=— Difference ... 27 = 1’Log. 4.65729 to the Correctior Oh Om 12s 
P. M. Sat. H. Angle 8h 41m 50s. Log. 9.33543 Right Ascen, April 2d..... Sr47Tt wkd 
RrAseen.s. 2.8. 47) 27 Correct Right Ascen, ..... 8h 47m 273 
R, A. of Mer.. Th 29m 17s : 
San'stRWAs 2 O47 <e99 Sun’s R. A. April2d.. Oh 45m 43s. Dif. 1b, 93 
App. Time... 6h 41m 55s ; Correction ,.401 Add fica hal Uh 
° Equa.... Add 3 33 Correct R. Ascen..... Oh 47m 22s 993 
Mean Time at Ship. 6h 45m 28s , ” ‘ i : 
Gr. M.T. by Chro. .10 58 10 Equa. of Time. a 3m a Ne: Diff. lh.. be 
Md ° , ‘rt 1a ¢ srs K . sedi he. x 
Long. of Ship 63° 10° 30 W.= 4h 12m 42s at 6h np. MM Correct Equa...... 3m 333-47 B25 


Finding the Latitude in and the Longitude by Chronometer at the same time by Two Stars. 


EXAMPLE. 


August 22d, 1854. (End of the Sea day.) In South Latitude and East Longitude, the Meridian Altitude of the 
Star Aldebaran was 63° 26’ North, and at the same time the Altitude of the Star Sirius was 58° 47’ East of the 
Meridian, at twilight in the morning, and the Greenwich Time by Chronometer was, October 21st, 14h 57m 41s 
Required the Latitude in and the Longitude by Chronometer. 


Beptr git. me Aldebaran «iiss sje0c aici s'e's O69 260N. Obs, Alt. of Sipiugcac esas sss. . eee 
Correction, Table XX............. Sub. 4 Correction, Table XX ... Sub. 5 
GRAMS PUSCREMAEYE. wisi o wie dno a's sie aso echo Oo 63° 29’ Correct Altitude jueeue. 0s». 538° 42’ 
Zenith Distance......... seseeccsesess 26° 88'S, Polar Distance.............. 73 29 Log. 0.01830 
Mie Deehnation.... se co inode bowewe BOl8 16. 13.N, Latitude Observed........... 10 25 Log. 0.00722 
Latitude in by Observation............ 10° 25'S. 137° 36! 
At the time Aldebaran passed the HaliSum. .. 2. sedeaemetie sd 68° 48’ Log. 4.55826 
Meridian, Aug. 21st, 18h 18m, or on Thence 18° 6" Thor, 441582 
. ees ‘ tpbence « . «sae a g. 441582 
Sa apnea Soe hans sa aA... cee 2h 27m 25s Log. 8.99960 
*’s R. Ascension...... 6 38 48 
R. A. of the Meridian... 4h 11m 18s 
Green. Time by Chron. Aug. 21st..... 14h 57m 41s Add 24 0 0 
Ev i i 28h 11m 18s 
Declination Sirius 1854............... 16° 31'S. Sun’s R. Ascension.... 10 8 9 
90 0 Apparent Time....... 18h 8m 9s 
Sirius’ Polar-Distance .... ..... batienter, «0 TST 2g. Equation ...,....Add 2 «50 


Mean Time at Ship... 18h 10m 59s 
Green. Time by Chron... 14 57 41 


Right Ascension Sirius, 1854....... +++. 6h 33m 4388 Lon.of Ship 48° 19’ 30’E.— $h 18m 188, at 6h 8m A.M. 


Sun’s R. Ascension, Aug. 21st 10h Om 54s ‘Dif, 1h. 9s Rouation’ A : 

‘ : ’ <UtObs se nee? . CRD ir” 
Correction........ paee Add 2 15 15h Cbaeeson: nas ne Sub an i a u ee Sa 
Correct R. Ascen....... 10h 8m_ 9s 60)1385 Correct Equation........ 2m 49s 82 9150 
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Finding the Latitude in by the Moon, and the Longitude by Chronometer, by a Star. 


QUESTION. 


February 7th, 1854. (End of the Sea day.) In North Latitude and West Longitude, the Meridian Altitude of the 

Moon's Lower Limb was observed to be 63° 9’ South, and at the game time the Altitude of the Star Regulus was_ 
21° 47' to the Eastward of the Meridian at about 8 o’clock in the evening, and the Greenwich Time by Chronome- 
ter, Feb. 7th, 8h 56m 40s. Required the Latitude in and the Longitude by Chronometer. 
_ Answer—The Moon’s Correct Altitude is 63° 45’ South, her Declination 24° 14' North, and the Latitude in 50° 
29’ North. The Star Regulus’ Polar Distance 77° 19’, his H. Angle 4h 44m 51s, his Right Ascension 10h 0m 365s, 
the Right Ascension of the Meridian 5h 15m 44s, (to be increased by 24h,) the Sun’s Right Ascension 21h 2hm 6a, 
the Apparent Time at Ship 7h 50m 88s P. M., the Mean Time at Ship 8h 5m 5s, and the Longitude in by Chrsnom.- 
eter 12° 53' 45’’ West. 


150 NAUTICAL ASTRONOMY. 


FINDING THE LONGITUDE BY CHRONOMETER, AND THE SUN’S TRUE / ZIMUTH, BY 
THE SAME ALTITUDE. 


This is a very convenient mode of finding the Variation of the Compass, the Sun’s True Azimuth being 
obtained from the same Altitude used in working the time for Chronometer, and which may be practiced 
every day at Sea, with only the additional trouble of taking the Sun’s bearing by the Azimuth Compass at 
the time the Sights are taken, as directed at page 81, and also the Rule for working an Azimuth at page 
118. By this method we have only to take out the Log. Secant of the Altitude as a Latitude, at the top 
of the page, and the Log. Co-Sine of the Difference between the Polar Distance and the Half Sum, as a 
Half Sum. The Logs. Secant of the Latitude and Co-Sine of the Half Sum serving for both Hour Angle 
and Azimuth, and the Angle in Time in the latter case turned into space by Table XXVI, will give the 
Sun’s True Azimuth. 


EXAMPLE 1. 


July 12th, 1854. (End of the Sea day.) In Latitude 39° 25’ North, Longitude by Dead Reckoning Da 0’ West, 
the Sun's observed Altitude in the morning was 35° 38’, bearing by the Azimuth Compass South 81° 80’ East, and 
the Greenwich Time by Chronometer 0h 48m 48s P. M. at Greenwich. Required the Variation of the Compass and 
the Longitude in by Chronometer, 


Sun’s Obs. Alt.... 385° 88’ 


G. Time by Chro, 12h 48m 48s Reckoned from Midnight. 
Corr. TableIX.Add 10 


True Altitude: +» )iBb 4S mda owas ods Alt... 35° 48’ Log. Secant..... 0.09094 Sun’s Correct Dec. .22° 0’ N. 

Polar Distance .. 68 0 Log. 0.08283 P.Dist.68° 0’ 90 0 

Latitude int ise © (89525 Log. 0:11207 0.05 scm vee Same Log. ..... 0.11207 Polar Dist.........68° 0’ 

Soniye ..8 62 143° 13’ 

Half Sum...... 71° 37’ Log. 4.49882 H.Sum71° 387’ Same Log. ..... 4.49882 Correct Equa.....5m 15s 

Difference ...... 35° 49" Log. 4.76730 Diff... 3° 37’ Log. Co-Sine .... 4.99913 

App. Time.... 7h 55m 58s Log. 9.41102 9.70096—=Angle 6h 1m 3s 

Equation. . Add 5 15 i pag: 

Mein Tic Sho im it Angle 6h 1m 8s in Table XX VJI—True Az.8, 90° 16’ E. 

G T. by Chro. : 19 yeR teh Magnetic. Azimuth igiey cy ce Uae ee S. 81 380’ E. 
ye ‘ Magnetic/Vuriation Jon k its «0 ees « see eee 8° 46' 

Long.in Time 4h 47m 80s=71° 52’ 80’ W. Long. 3 [ Westerly. 

EXAMPLE 2. 


Sept. 6th, 1854. (End of the Sea day.) In Latitude 36° 6’ South, Longitude by Dead Reckoning 10° 30’ East, 
the Sun’s observed Altitude in the afternoon was 12° 38’, bearing by Compass N. 44° W., and the Greenwich Time 
by Chronometer 3h 52m 14s P. M. at Greenwich. Required the Variation of the Compass and the Longitude in 
by Chronometer. 

Sun’s Obs. Alt.... 12° 38’ 


G. Time by Chro, 3h 52m 14s Past Noon at Greenwich 
Corr. Table IX, Add 8 


Rene Alec. ¢ vee LTR Cee Alt. ...12° 46’ Log. Secant..... 0.01087 Correct Dec. ... 6° 25’ N. 
Polar Distance... 96 25 Log. 0.00278 P. Dist. 96 25 pa 3" 
Latitude........ 86 6 Log. 0.09259 ........00. .. Same Log. ..... 0.09259 Polar Dist...... 96° 25’ 
145° 17’ 
ee 72° 89" Log. 4.47452 H. Sum 72° 39” pened seeee ge ieb8 Correct Equa... ..1m 45s 
Difference ...... 59° 68’ Log. 4.98702 Diff... 93°46" “OB “ONIN +> a Ne yt 
App. Time. ..4h 36m 18s Log. 9.50686 ene? See 
Equa...... Sub 1 465 


Mean Time...4h 34m 28s 
G. T. by Chro.3 52 14 


Long. in Time Oh 42m 14s==10° 33’ 80’ East Long. 


Angle 4h 48m 25s, Table XX VI, True Az. N. 72° 6’ W. 
Magnetic Azimuth. .....esceeseeeees oos N. 44,0 W, 


Magnetic Variation .....scecscscesesers 280 
[ Westerly 
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FINDING THE SHIP’S POSITION AT SEA BY SUMNER’S METHOD. 


This Method consists in a new use or application of a Single Altitude observed for the Longitude by 
Chronometer, and is very useful when a Ship is near the Land, especially in high Latitudes, where the 
weather is generally unsettled and the observations for Latitude uncertain. The method is also best adapted 
for High Latitudes, because the Sun’s change of Azimuth is more rapid there than in Low Latitudes, and 
the greater the change of Azimuth in a given time the more accurately the Ship’s position can be defined. 

In the Tropics when the Sun rises, passes the Meridian, and sets Vertically, the Ship’s position cannot be 
found by this method. 

Having been in the habit of using this method at Sea for many years, I can testify to its great utility in 
defining a Ship’s piace on the Chart, when she is near the Land or a danger, and Captain Sumner deserves 
great credit in making its value known to Seamen. 

I propose here to give a skeich of his method as done in the practice at Sea, which may be found useful 
to those who have not seen his book, where they will find the whole matter fully explained, and which ought 
to be in the possession of every practical Navigator. 


Explanation of Sumner’s Method. 


In some cases where the Latitude is not correctly known the Longitude by Chronometer cannot be cor- 
rectly found, as explained in the Note at page 122 of this work, and it is on this very circumstance, and the 
having the correct Greenwich Time by Chronometer, that the method is founded. 

Suppose an Altitude of the Sun to be observed in the Forenoon, and the Longitude by Chronometer found 
in the usual manner, the Longitude so found will correspond to the Latitude worked with. The same 
Altitude worked with another greater or less than the first Latitude, the Longitude so found will corres- 
pond to the Latitude worked with in like manner, so that for each point of Latitude, with a given Altitude, 
there will correspond a certain point of Longitude and no other. 

These several points or positions laid off on the Chart in their respective Latitudes and Longitudes, and 
a line drawn through them, the ship will be somewhere on this line, providing the Chronometer is right 
and the Latitude assumed is not very greatly in error. 

If this line produced passes though any point of Land, the true bearing of this Land from the Ship is 
shown, and thus, though neither the Latitude nor the Longitude of the Ship is correctly known, yet the 
true bearing of any place on the Land which lies in the direction of either end of the line joining the two 
positions is certainly known. A line drawn perpendicular to the above mentioned line, towards the side on 
which the Sun is, shows the True Azimuth of the Sun. 

This is easily understood, because the several Latitudes and Longitudes laid off by means of the same 
Altitude, constitute a curve of equal Altitude, and the observer in moving so as to keep the Sun at the 
same Altitude, would keep him always on the bearing at right Angles to the direction of his own motion. 

The effect of an error in Altitude is easily shown by considering that the place of any part of the cirele 
of equal Altitude on the Chart moves one mile for each 1’ of error of Altitude, and thus the corrected posi- 
tion of the line will be parallel to that already down, and distant from it the amount of the error of 
Altitude. 

When the coast trends parallel to the line of equal Altitudes, the distance of the Ship from the shore is 
ascertained, though her absolute place is uncertain, provided always that the Ship is really not far from 
her supposed Latitude, and that the Chronometer is right. 

When a single Altitude is observed near Noon the parallel of equal Altitude is evidently near the 
parallel of Latitude on which the Meridian Altitude would place the Ship, and the bearing of Land nearly 
East or West is very nearly ascertained, On the other hand, when the Sun is near the East or West points, 
the line of equal Altitude lies nearly North or South, and its position in Longitude depends entirely on the 
Chronometer. Also errors of Altitude affect the Longitude by Chronometer most when near Noon, in which 
case it can ‘have no influence on the bearing of Land near East or West. 

As a Single Altitude gives thus the line on which the Ship is, a Second Altitude gives a second line, 
except when the Sun is Vertical and has no change of Azimuth. In this case only one line can be pro- 
jected on the Chart, which will always lie North and South. 

The intersection of the second line with the first is the Ship’s true place, and the place of the intersection 
is more decisively marked as the two lines lie more at Right Angles to each other, and as the Sun is per- 
pendicular to each of the said lines at the time the Altitude was observed, from which they were com- 
puted, they will cross each other more nearly at Right Angles, when the Sun has the greatest change of 
Azimuth. 


152 NAUTICAL ASTRONOMY. 
’ Rule for Working by Sumner’s Method. 


Having obtained an Altitude of the Sun and the Greenwich Time by Chronometer, compute the Latitude 
in by Dead Reckoning. Take a Latitude, say 30’, to the Southward of the Dead Reckoning, with which 
and the True Altitude, and the Sun’s Polar Distance, find the Longitude by Chronometer as usual. 

Again, take a Latitude, say 30’, to the Northward of the Latitude by Dead Reckoning, and with the same 
Altitude and Polar Distance find another Longitude in by Chronometer. 

Lav off these two positions on the Chart and Draw a pencil line between them, which, extended to any 
Land in the vicinity, will give the true bearing of that place from the Ship, or if the Land trends parallel 
with the line it will give the Ship’s distance from the Shore. At an hour or two or more after the first 
Altitude was taken, or when the change of Azimuth exceeds 2 points, take another Altitude, and with the 
same Latitudes and Pola Distance find two other positions. A line drawn between them will cross the first 
line, which will be the Ship’s true place in Latitude and Longitude by Chronometer. 

But if the Ship has changed her place between the Observations, lay off the True Course and Distance 
Sailed in the interval, from any part of the first line, and through the point so obtained, draw a line parallel 
to the first line projected, and at the intersection of this line with the second, is the Ship’s true place in 
Latitude and Longitude. . . 


EXAMPLE. 


December 10th, 1854. A ship in Latitude, by Dead Reckoning, 87° N., and Running for Cape Henry, at about 
8 o'clock in the Morning observed the Sun’s Altitude to be 9° 35’, and the Greenwich Time by Chronometer 1h 
5m 55s P. M. at Greenwich, and after Sailing W. by S. True 20 miles, a second Altitude was observed to be 27° 10’, 
Greenwich Time by Chronometer 38h 89m 16s. Required the Bearing of or Distance from the Land in the vicinity, 
at the time of each Altitude, and also the Ship’s Correct Latitude and Longitude in at the time of the last Altitude. 


Latitude and Longitude in at the Time of the Last Altitude. 


Sun’s Ist. Obs. Alt.. 9° 35’ G. Time by Chro. th 5m 558 Lat. in D. R. 87° 0’ N. Dee. 22° 56’ &. 
Corr., Table FX...... /} Ada-t250*: 0 90 0 
Sun’s True: Alt..... 9° 42’ Time from Mid. 18h 5m 55s True Altitude....... 9° 42’ Polar Dist. 112° 56’ — 
Polar Distance.....112 56 Log. 0.03576 is Polar Distance....112 56 Log. 0.03576 
Latitude. .......+. 36 80 Log. 0.09482 - — Latitude. .....-... :87 80 ~Log. 0.10058 
159° 8° = Sern 160° 8° Equ. Sub. 7m Cs 
Hal Sum......... 79° 84" Log. 4.25790 Half Sum........ 80" 4° Log. 4.23679 
Difference........ 69° 52’ Log. 4.97962 Difference. ........ 70" 22' Log. 4.97899 
Sh 10m 55s Log. 9.36110 Sh'lam5bs Log. 9.84701 
Equation. ....Sub. 7% 0 Equation. . ..Sub ay 20 . 
M. Ship Time...8b) 3m 568. Ist position. | MS Ship diate Si 1) RRA BE ale aeeeanO 
Green, Time..-.18 5-65: with Lat. 86° 30.N. Green. Time....18 5 55 with Lt.37° 80’ N. ay of 
5h 2m 0s=Long. 75° 30 W. 4h 68m Os=Long. 74° 30’W. J Ist Alt. 
Sun’s 2d Obs. Alt...27°10' G. Time by Chro. 3h 39m 16s ~~ Tat. in by D. R. 87° 0/ N. Dee, 22° 56’ 8. 
Corr, Table IX..... 10 Add 12.0 0 1: 
True Altitude, ~.....27° 20’ Time from Mid. 15h 89m 16s "ue Altitude. .... 27° 20" Polar Dis. 112° 56’ 
Polar Distance....112 56 Log. 0.03576 Polar Distance. ....112 56 Log. 0.08576 
Latitude. ......... 36 30 Log. 0.09482 ; Latitude. ......... 37 80 Log. 0 100538 
176° 46" 177° 46! Equ. Sub. 6m 58s 
Half Sum... & “88 23’ Log. 3.45044 Half Sum. 2%... 88° 53’ Log. 3.28977 
Difference... ...... 61° 3’ Log. 4.94203 Difference... ..... 61° 33" Taig, 4.94410 
“10h 85m 498 Log. 8.52305 | 10h 49m 32s Log. 8.37016 
Equation. . ..Sub. 6-58 Equation...Sub. 6 58 oS 
M. Ship Time. ..10h 28m 51s 1st Position. M. Ship Time...10h 42m 34s 2d position. 
Green. Time....15 39 16 with Lat. 36° 30’ - Green. Time....15 39 16s with Lat. 37° 30’ N, 
5h 10m 25s=Long. 77° 36’ W. 4h 56m 42s=Long. 74° 10' W. at the 


7 time of the 2d Alt. 
See the Projection on the Chart, next page. . 


+, ih, 

The positions by the first Altitude laid off and the first line drawn between them strikes the Shore 
‘about 10 miles to the Seuthward of Currituck Inlet, hence the true bearing of that part of the Shore isS. W.45S,, 
and the Coast of Maryland is 88 miles distant in a N. W. direction. . 

The Positions by the Second Altitude laid off and the second line drawn between them pusses through Cape 
Henry. Henee its true bearing is W. by S. $8. from the Ship. ‘ 

The Ship’s True Course and Distance W. by S. 20 miles, being now laid off from the first line and a line drawn 
parallel to it, then where it cuts the second line, is the Ship’s True place, (at the time of the last Altitude) in Latitude 
37° 13’ N. and Longitude 75° 8’ W., and distwnt from Cape Henry 50 miles. . 

A line drawn parallel to the Course made in the interval, through the True place of the Ship, back to the first line, 
will show the Ship’s place on that line, when the first Altitude was observed, in Latitude 87° 18m N. and Longitude 
74° 48’ W. Hence the Ship’s Latitude by Dead Reckoning was found to have been 18 miles in Error or that much 
too far te the Northward of her proper position, in running for Cape Henry. | 


FINDING ‘THE SHIP’S POSITION BY SUMNER’S METHOD 


TRUE PLACE AT THE TIME >”. 


OF THE) 2%9 “ALT © 


PROJECTION OF SUMNER’S METHOD ON THE CHART. 


TER 


an4 NAUTicCAL ASTRONOMY. 


FINDING THE SHIP’S POSITION AT SEA BY SUMNER’S METHOD. 


The Ship’s place may be found in the same manner in the Afternoon, should the Latitude not have been 
obtained from an observation. : 

The Altitude observed in the Afternoon is worked with the same two Latitudes unless she-has made 
much Northing or Soutkgimg in the interval, but the Decl. and Equa. of Time is generally corrected to the 
time of observation, and two positions are again found, which laid off on the Chart, and a line drawn be- 
tween them, will give the bearing of the Land or the distance off, as the case may be. The Course and 
Distance made good in the interval, laid off as before, and another line drawn parallel to the former, will 
cut the last line projected, at the Ship’s true place. 

But when the Ship has been sailing in the same direction as the former line it is not necessary to lay off 
either Course or Distance, because the place of intersection of the two lines as above. will give both. 

Thus the Ship’s place on the Chart may be found every hour of the Day from Sunrise to Sunset, (See 
the method at page 128,) if his change of Azimuth be sufficiently rapid to cause the lines projected on the 
Chart to cross each other at an angle. 

By this method also the Ship’s position may be found every hour of the Night by using the Stars or 
Planets, that is, finding the Longitude by Chronometer, by them, using two assumed Latitudes as with the 
Sun. But unfortunately the Horizon is generally so obscured at night that not much dependence can be 
placed on the Altitudes observed. 

In laying off the Course and Distance run in the interval between two Altitudes, when the Ship is in a 
Tide-way or Current, the Set and Drift of which is known, it can easily be allowed for, by forming a 
small traverse Table, composed of the true Course and Distance sailed, and the True Set and Drift of the 
Current. Then the Difference of Latitude and Departure made good will give the Course and Distance 
made good, which is then laid off as usual. 


CONTINUATION OF.THE FORMER EXAMPLE. 


December 10th, 1854. No observation for Latitude having been obtained, the Ship had been hauled up W.S. W 
on the bearing of Cape Henry, (from the Altitude which had been obtained about an hour before Noon), and at lh 
30m in the Afternoon another Altitude was observed to be 26° 15’. Greenwich Time by Chronometer 6h 24m 38s, 
having run in the interval W. S. W. True 25 miles, and been Set by the tide in the same direct on 5 miles. Re- 
quired her true place on the Chart and her Bearing and Distance from the Land in the vicinity. 


Sun’s 8d Obs, Alt. 26° 15' G. T. by Chr. 6h 24m 38s Sun’s Corr, Dee, 22° 57’ S. 
Corr, Table IX... 10 90 0 
True Alfis,.s0nas 26 25 Same Alt. 26° 25’ 112° 57 


Polar Dis fee eeee ce 0. Polar Dis. 112 57 Log. 0.03581 
Latitudes......- 36 f Le ope Lat...... 87 30 Log 0.10053 
175° B2 176° 52 Equa. 7m 18°53 Diff. 1h 1148 
Half Sum....... 87 56 Log. 3.55705 Half Sum. 88 26 Log. ee da gs NE a Seite. 
Difference....... 61 81 Log. 4.94897 Pte e sisi 62° 1’ Log. 4.94600 6m 54s °7 6888 
1h 35m 32s Log. 8.63165 th 23m 47s Log. 8.51914 574 
Equa....Sub. 6 54 Equa...Sub. 6 54 7462 


M. Ship Time..1h 28m 38s 
G. T. by Chro. 6 24 38 with Lat. 36° 30’ N. 
4h 56m O0=Long. 74° 0! W. 


M.S. T. 1h 16m 53s ! 
G. T...6 24 38 with Lat. 37° 30° N. 
5h 7m 45s—Long. 76° 56’ W. 


The above positions being laid off on the Chart as before directed, and a line drawn through them, will 


be found to pass over the Light-House on Smith’s Island, near to Cape Charles, and as the Ship has been 
sailing on the line of bearing of Cape Henry, obtained from the last Altitude, no parallel line is required 
to be drawn nor Distance laid off in this case, because at the intersection of the two last lines is the true 
place of the Ship, at the time of the last Altitude. | . 

It now appears from the above that the Light-House on Smith’s Island bears from the ship ‘W. N. W. 
nearly 12 miles, and Cape Henry W.S. W. true 22 miles. 

oe if the Chronometer is right, and the weather clear, these ects will soon become visible from 
the deck. 
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RATING THE CHRONOMETER AT SEA. 


As Chronometers are frequently found to alter their rates after having beena few days on board, as 
explained at page 80, they should be verified from time to time during the voyaS%, or in other words, the 
Sea rate should be found at every convenient opportunity, which is easily done in the following manner : 
When a Ship is leaving port, if the weather permit, a set of Altitudes should be carefully taken with a 
Sextant, and the Times noted by Chronometer, or by the Watch, if found more convenient, in the usual 
manner of taking Sights, as explained at page 124, or at page 140, and the Sextant should be previously 
udjasted, and its Index error, if any, applied to the Mean of the Altitudes, (see page 73,) and the same 
Sextant should be always used for taking the Altitudes for the purpose of rating the Chronometer, so as to 
insure a uniform result throughout the voyage. . 

The Ship’s position at the time of the Sights must be carefully ascertained from Cross Bearings of objects 
on the land, by an Azimuth Compass, as directed at page 31, or by the Chart, at page 53. Butif Cross 
Bearings cannot be obtained, run the Ship into the Meridian of any Cape, Light-House, or other object on 
the land, the position of which is well laid down; that is, get it to bear True North or South, (the varia- 
tion of the Compass being allowed for in advance, which can easily be done when the Ship is passing it,) 
and take a set of Altitudes at that instant indicated by the Compass. 

The Ship will then be in the Longitude of that place, and her Distance from itis the correetion to be 
applied to the Latitude of the place to find the Latitude of the Ship, according as she is to the North or 
South of it. In working out the time in this case, we must use the seconds in the computation, and take 
out the proportional parts of their Logs., and which is easily done by considering what proportion the num- 
ber of odd seconds bears to a minute, such as 30” is 4, 20” is 4, or 15 1s ¢ of 60’. Then take the differ- 
ence between the Log. of the nearest preceding minute, and that of the following minute, and apply the 
corresponding 4, 4. or ¢ of this difference to the preceding Log. according as it is increasing or decreasing, 
or multiply the difference by the odd seconds and divide by 60, will give the proportion required. 

The Mean Time at the Ship is found in exactly the same manner, only it is more carefully done. The 
Ship’s Longitude being then turned into Time by Table XXVI. and added to the Mean Time at the Ship, 
in West Longitude, or substracted from it in East, will give the Greenwich Mean Time of the Observation. 
Then the Difference between the Greenwich Mean Time so found and the time shown by Chronometer at 
the time of the Observation, is the error of the Chronometer on Greenwich Mean Time, and is fast or slow 
accordingly. 

_ The error so found may differ considerably from that given by the Shore rate. However, note the Sea 
error so found, and the date of the Observation, and at the next favorable opportunity when land is in sight, 
repeat the observation, and find the error anew. Then, if the two errors have continued the same after the 
lapse of several days, the Chronometer is running on Greenwich Mean Time, but if the errors differ, then 
the difference is the amount of what the Chronometer has gained or lost in the interval between the times 
of Observations, which divided by the number of days elapsed into seconds and tenths of seconds, will give 
the daily rate gaining or losing accordingly. 


EXAMPLE \ 
. Of Proportioning the Logs. to the Odd Seconds. 


P. Dist..98° 20’ 20’ Log. of 98° 20’ is 0.00461 98° 21’ Log. 0.00463 Diff. 2 pro. for 20” is 1 Additive 0.00462 
Lat....36° 10’ 28 Log. of 36° 10’ is 0.09296 86° 11' Log. 0.09306 Diff. 10 pro. for 28’ is 5 Additive 0.09301 
H.Sum.77° 81’ 40" Log. of 77° 81’ is 4.33477 77° 32’ Log. 4.33420 Diff. 57 pro. for 40’ is 88 Subtract—4.33489 
Diff. ...56° 58’ 45” Log. of 56° 58’ is 4.92343 56° 59’ Log. 4.92351 Diff. 8 pro. for 45’ is 6 Additive 4.92349 


This Example is merely given for the purpose of showing the nature of the proportions of the Logs. 
required for the odd seconds, and which have a considerable effect on the time when working for the nearest 
second. In practice we just take the difference between the Logs. as they stand in the Table, and apply 
the proportions mentally as we write them down. This saves considerable time, and the learner, by a 
little exercise of his mental powers, will soon acquire the habit of doing the same with ease. 


° 
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RATING THE CHRONOMETER AT SEA. 


EXAMPLE 1. 


March 10th, 1854. A Ship bound out from New York Harbor, observed the following set of Altitudes and Times 
by Chronometer ; her True Position at the same time being found from the bearing of the land, as follows. Required 
the Error of the Chronometer on Greenwich Mean Time. 


Sun’s Obs. Alt... ...+++ 10815’ 20” T. by Ch.0h 16m 24s Neversink Light-H. bore W. 2 N.4 miles, or True West. 
A. M..’..10° 26 30 0 17 26 Sandy-Hook Light-House N.W. 7 “ or “N.W.2W. 
10 37 50 0 18 28 The Float Light Vessel N.8E. 8 “ or “ North. 
3)79’ 40” 3)52m 18s These Bearings laid off on the Chart gives the Ship's 
Mn. of the Alt. .....-.10° 26’ 38” MnofTs.0h 17m 26s True position at the time of the Sights, 
Index Kiweree: tse Sub. 2 by Chron, Latitude in 40° 23' 40' N. Longitude 73° 55’ W. 
alias ite, 16" 7’) 10° 24’ 83” And the Longitude in Time 4h 55m 40s, 
Dip 4’ 17" {=o 11” ( Add 6 56 
Ref. 4 . ai ael Sun’s Dec. at Noon...... 4° 6' 30" S. Diff. 1h. .4)59 
True’ Alico = <0 cums ( ay Me a. 
Polar Dist....--+»-+-+-94 6 15 Log. 0,00111 Correction ........ Sub. nay 15 
40 23 40 Log. 0.11827 Correct Deg eine. si 16 ae 
1458 1 94." ; baal v3 Py 
72° 80° 42" Log. 447787 Polar Distance ......... 94° 6 15 
61° 59’ 13” Log. 4.94589 Equation of Time...... 10m 31s °55 Diff. Lh. .4)665 
Ap. T. at Ship..---... Th 10m 12s Log. 9.54814 Correction........ Sub. - 16 166 
Eiqua..csecscesss Add =10.. 31 ; Sema re ns 
‘ ae Correct Equation ...... 10m 381s 39 
Mn; T. at/Ship..wieees Th 20m 48s 
Long. in Time...... ..4 55 40 
12h 16m 28s Green. Time of the Observation. .Oh 16m 23s 
TRO88 os 5 id ane Pee -0:, 0 Time of the Obs. by Chron.....0 17 26 | 
Gr. Mn. Time......-. Oh 16m 288 Chron. Fast of Gr. Mean Time.. 1m °8s March 10th. 
EXAMPLE 2. 


March 25th, 1854. Wreck Hill, in the Island of Bermuda, in Sight, bearing S. 4° W. by Compass, distant 10 
miles, and at the same time the Mean of several Altitudes of the Sun was 16° 19’ 25’’, Index Error 2, subtractive, 
Mean of the Times by Chronometer 11h 36m 15s, and the Sun’s Magnetic Azimuth bearing S.78° E. Required the 
Error of the Chronometer on Greenwich Mean Time, its Rate since leaving New York.on the 10th March, and the 
Variation of the Compass. 


Sut's Obs; Algaar: «''. « 15° 19’ 25" A.M. Time by Chron.. 11h 86m 15s_ Bear. of Wreck Hill by Com. 8. 4° W. 

Index Error...... Sub. 2: 0 Reckoned from Midnight. Var. of Com. per Azimuth.... 4 W. 

Semid. 6c Teanas. ) 15° LT 25" True Bear. 8. 10! 

Dip 7 ly fa ' MG ’ : 9° ’ 

Ref, 3 17!" eelciden odd 8 30 Lat. W’k Hill 32° 16’ N, Lon. 64° 55’ W. 

pre Alt... dics eee 15° 25 55” Log. 0.01595 Lat. of Ship ..32°,.26' N. in T. 4h 19m 40s 

Eolar Dist, (7.1.5 wees 88 12 22 Log. 0.00021 88° 12’ 

Latitude ....... AS 382 26 0 Log. 0.07365 Log. 0.07865 Sun’s Dec. Noon 1°48’ 7 N. Dif. 1h.59 

SBE ae (1't%. Correction... .Sub. 29 ee 

MBO sas 6 uso nied 68° 2’ 8" Log. 4.57291 68 2 Log. 4.57291 Correct Dec.... 1° 47' 38” 

DGG reutes ata. o. 6 os 52° 36’ 13’ Log. 4.90007 20° 10’ Log. 4.97252 Polar Dist.....88° 12’ 22’ 

ADO OnR ae. 6.5. Th 8m 45s Log. 9.54684 9,63503—5h 28m 82s—True Azimuth §S. 82° 8’ E 
. Equation........ Add 6 9 Mag.Azimuth 8.78 0 E 

Mean Time vay ee Th 14m 54s Mag. Variat’n.. 4° 8’ 

Long. in Time ....... 4h19 40 [ Westerly 

Green. Mean Time.... 11h 834m 34s Days elaps. 15 )38s( 2s 5-10th $ Daily Rate. Equa. of T. 6m 8°46 Dif.1h.768 

Time by Chron....... 11 386 15 30 Gaining Corr... Add 38 ‘38'4 

Chro. Fast, March 25th, lm 41s 15)80(5 Corr. Equa. 6m 8s “84 

do. Mareh 10th. bala 75 
Accumulated Error... 38s 73(+ 


Hence the Chronometer is this day. March 25th, Fast of Greenwich Oh Lies and gaining 2s and 5-10th and 1-8d 
of a tenth per day. 


Norr.—Observations for Rating Chronometers at Sea should be all taken in the morning, or else all in the afternoon, 


because of the irregularity in the time deduced from the morning Altitudes when compared with thos j 
: ; e taken in th 
afternoon. (See the Note at page 141.) ; e , 
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EXAMPLE 38. 


April 1st 1854. A Ship off Cape Cod, bearing S. 9° W. by Compass 3 miles distant, in the evening observed the 
8un’s Mean Altitude to be 6° 39' 28”. On the Prime Vertical, Index Error 1’ 20’ Additive, Magnetic Azimuth 


S. 99° 20’ W., and Time by Chronometer 10h 22m 80s. Required the Error of the Chronometer on Greenwich Mean 
Time and the Magnetic Variation. 


moet & Obs. Alte os. ened 6° 89' 28” Time by Chro. 10h 22m 30s. Bearing of Cape Cod by Compass S. 9° W. 

mudex Error. .5...+> Add 1 20 Magnetic Var'ni .... nee ensae ys 9 West'ly. 

Semid...... 16’ 1) 6°40’ 48” True Bearing South..Dist. 3’ 0” 0 « 
. tow 9° ! , r, " 

<8 8" —1]'29"( Add 4 82 Lat. Cape Cod... vee 42° 2! 24 Lon. 70’ 3/18" W 
ef.7' 21 SER Lat. Ship. .42° 5’ 24’ In time 4h 40m 18s 

Breve Altitude.........- 6° 45’ 20" Log. 0.00302 

Polar Distance.........- 85 18 12 Log. 0.00146 85° 18 

Latitude.......... .-..42 5 24 Log. 0.12955 Log. 0.12955 Sun’s Deel. Bs 49" N. Diff. 1h 58” 

134° 8! 56” Cor,...Add 9 59 103 

Half.Sura. ..; Beer: .. 67° 4’ 28” Log. 4.59055 67° 4’ Log. 4.59055 Cor, Dec.... 4°41’ 48” 9° 59/7 

Difference..... weerees+..60° 19/8” Log 4.93892 18° 14’ Log. 4.97763 Polar Dis. .85° 18” 12” 

App. Time at Ship.. ...5h 40m 82s—Log. 9.66048 9.70075=6h Om 56s—True Az. S. 90° 14’ W. 

Equation......... Add 8 562 Magnetic Azimuth....... 8.99 20’ W. 

Mean T. at Ship.......5h 44m 24s Eq. of T.3m 59s ‘84 Dif. 1h°755 = Magnetic Variation........ 9° 6’ W'ly 

Long in Time....... -.4 40 18 Corr. Sub. oe 10x 

Time at Greeewich....10h 24m 87s Cor. Equ. 3m 52s *4 T'80'2 


Time by Chron........10 22 380 


Hence the Chron. is 0h 2m %s Slow of Green. Mean Time, April 1st, and the Magnetic Variation 9° Westerly, 
and as the Magnetic Variation found by the Azimuth agrees nearly with that known to exist off Cape Cod, it may 
be concluded that there is no Local attraction in that part of the vessel where the Compass stood when the Bearings 
were taken. 


EXAMPLE 4. 


* 


April 21st, 1854. The Isle of Corvo, one of the Azores Islands, in sight bearing S. 24° W., by Compass Distant 
15 miles, in the evening the Sun’s Mean Observed Altitude was 18° 38’ 9’', Index Error 1’ 20” Additive, Time 
by Chronometer 7h Om 59s, and the Magnetic bearing of the Sun at Setting was W. 39° 45’ N. Required the 
Error and the Daily rate of the Chron, since leaving Cape Cod on the Ist of April, and the Magnetic Variation. 


Sun’s Observed Altitude,.. 18°38’ 9" Time by Chron. 7h 0m 59s 


WC CRIAGI TORN sw ui see S Add La207 3 re 5. 04° W 
SET Bg MYL ne Teenran aaedaliaci Bearing of Corvo by Compass........... . 24 

Dip.. pear ign Pe: ee TecEe aa Variation of the Compasea..... saan seccs 24 Weatily. 
Ref... 2'45" = 6) 58" | Addo) 4 True Bearing South. ..Dist. 15 


0 
True Altitude............. 18°48’ 38” Lat.of Corvo.... .++++++ 39° 41 N. Long. 31 3° W. 


Polar Distance.......... 78 8 27 Log. 0.00951 Lat. of the Ship.......... 39° 56’ N. In time 2h 4m: 12s 
PORMTIUG! «cre creas 5 dere sor 39 56 O Log.0.11582 


136° 48" 0” Sun’s Declination, Noon... 11° 50/ 36” N., Dif. 1h—51”’ 
a, COrie es 6s +045 see Add 5 57 Th 
Bee ey Correct Dec... :- ene a8" oo 
PIAIGP ONCE ws. .:6 cooties ce . 49° 85’ 27’ Log. 4.881638 Dolan Distanes ig? 3! ay" 
Apparent Time at Ship.. 5h 1m 27s=-Log. 9.57245 ees)” 
Th Bee eae : 1 24 ; 
mgation RS aa Sette Equa. of Time.............. 1m 20s °6 Dif. lh—514 
Mean Time at Ship....... 5h Om 8s hee Add 3 ‘59 th 
Long. in BU ENLA Goth cia co: 5. Coes 4 1% C act E .C REA e Im 238 65 past Fas 
Mean Time at Green... Whats orrect Hqua.......-¢e+..-- 1m 238 3°59°8 
Time by Chron. ... ay Be A iP Lat. 40° and Dee. 12° N. gives True Amp. W.15° 45’ N. 
Chr. Slow of G. April 21st 8m 16s Magnetic Ampli. at Sunset.............W. 389 45 N 
Chr. Slow of G. April Ist. Fad Magnetic Variation........ Sac stoners 24° Wes'ly 
Accumulated Error....... ~ lm 9g 
60 
Days Elapsed......... ms .20)69m (3s and 4-10th and 4 Daily Rate Losing, and Slow this day 8m 1és. 
60 
20)90m (4 
80 
49( i 
20\2 


Norr.—lIn ascertaining the Ship’s position by this method, it is necessary to find the exact amount of Magnetic Vari- 
tion due to the place, and the Local attraction (if any) due to the Ship (See page 121) previous to the Sights being 
taken for Chronometer, so that the proper Variation may be allowed on the Compass bearing, for the purpose of indi- 
cating the time at which the Object bear True North or South. 

An error of this kind will cause an error in the Longitude so deduced, that is, the Ship will not be on the same Men- 
dian or in the Longitude of that place, and the greater the Distance from the Object the greater will be the error s« 
caused, and the nearer to the Object the less will be the error from that cause. 
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RATING THE CHRONOMETER. 


EXAMPLE 5. 


Sep 


tember 7th, 1854. Ship off the Cape of Good Hope. The Magnetic Variation Observed from an Amplitude 


at Sunrise was found to be 30° Westerly, and when the Lion’s Head bore N. 30° E. by Compass, Distant 380 miles, 
the Sun’s Mean Altitude was observed to be 11° 31’ 49” in the Morning. Time by Chronometer 6h 8m 10s from 
Midnight. Required the error of the Chronometer on Green. Mean Time. 


Sun's Observed Altitudes. 11°31' 49" T. by Chr.6h 8m 10s 
15 55" Add 7 17 Reckoned from Mid’t. Magnetic Variation............++ 


Benidh <3 & «oss 
D.4' 14" R.4’24"=8 38 


Bearing of the Lion’s Head...... N. 30° . E. 
30 West’ly. 


True Bearing North 30 miles, 


Se coe 
True Altitude..... - ee 539° ..8) Lat. Lion’s Head. .33° 56'S. Long. 18° 24’ E, 
Polar Distance. ......-« 6 12 2 Log. 0.00255 Lat. of the Ship. ..34° 26'S. in Time 1h 13m 36s 
Liptitade ss nactios aces 34 26 0 Log. 0 08366 

Lae iL Sun’s Dec. Noon... .......... 6°. 6 26” N. Dit. 1H166® 
Half Sum... ..s.+seeeee JTL” 8 84° Log. 4.50951 GOI, i. joBay one snesevAdd, 5) 36 'T. fr Neenah 
DifFereniGe a5 si) aye oe aye 59° 29° 28" Log. 4.93528 Correct Deal yess. s'aguicts jeset,D a2 2” 60)336 
App. Time at Ship....... Th 14m 50s Log. 9.53100 Polar Distance........... :. 0Ouia. 2" 5’ 36” 
Nquacdexass +35 « Sub. 1 ay | 
Mean Time at Ship...... 7h 12m 58s Equa. of Time............... 2m 28 ‘14 Dif, 1h 849 
Long in Time....... Sub. 113 (36 Corey... + sgn eas ey os SUD, «|, 5 100/T. fes Noon . Bh 
Green. Mean Time....... 5h 59m 17s Correct Equ.. ses... sdk . Aas lm 57s 6 5094 
Time by; Chron...» ..0» . a0, Gas 8.) 10 
Error of the Chron....... 8m 53s Fast of Green Mean Time this day, September 7th. 

EXAMPLE 6. 


September 30th, 1854. Ship in Sight of St. Paul’s Island, in the Indian Ocean, the Variation of the Compass, 
as per Amplitude, being 21° Westerly, and when the centre of the Island bore S. 21° W. by Compass, Distant 25 
miles, the Sun’s Observed Altitude was 8° 25’ 15” in the Morning, the Time by Chronometer being 1h 21m Qs, reck- 


oned from Midnight, or 13h 21m 2s from the preceding Noon. 


Required the error of the Chronometer on Green- 


wich Mean Time, and its rate since leaving the Cape of Good Hope on the 7th of September. 


Sun’s Observed Altitude . 


Dip. 4' 14” R. 6’ 9" =10' 23” 

True Altitude... ... Aes eee 30 6am 

Polar’ Distance: $22. 0255 02. 87 23' 56" Log. 0.00045 

Latitudes: 7... SU 88 22’ 0" Log. 0.10564 
134° 16’ 49" 

Half Sum... Wu... ce. eek, 8 24 eee O895T 


Difference. ................58° 37’ 81” Log, 4.931384 
App. Time at Ship.........6h 86m 18s= Lg. 9.62681 


Equation...... atbcte isha Sub 9 49 
Mean Time at Ship.......- 6h 25m 24s 
Long. in Time.......-. Sub.5 11 28 
Green Mean Time.......-.lh 13m 56s 
Time by Chron..........+: 1 Stes Qe pp 
Chron. Fast, Sep. 30th...... Tm 6s 
Chron. Fast, Sep. Tth....... 8 53 
Accumulated Error..........  1m47s 
60 


. 8° 25' 15" T. by Chr. 1h 21m 2s _ Bearing of St. Paul’s Island.... ...8. 21° W. 
PREDMEIE win tren a 160u4" Add 5 38 Beckoned from Midt Magnetic Variation....... 


cececeee ec ah” Wesly; 
True Bearing South...... 25 miles. 
Lat. of St. Paul’s.... 38° 47'S. Long. 77° 52’ E. 


Lat of the Ship.... 38° 22’ S.in Time 5h 11m 28s 


Sun’s Declination........... 2° 46’ 27" 8. Dif 1h 58” 
Corres stay goles. a. sub. - 9.10. 23, ER dr, Noon oe 
Correct Declination. ........ “SO RG GRO > 
90-0 0 29 
Po.ar. Distanee. 235. 206-8 | 87° 23' 56" 14 
60)623 
10’ 23” 
HGUR OhsEiMe. « . sss meoeee 9m 57s °32 Dif. 1h°803 
COM GB's oss. «0 om . sub. 8 ‘63 T. fr. Noon 10% 
Correct Equa......... wees 9m 485 69 8030. 
401 
200 
8631 


Days Elapsed..... 28)107s(4s 6-10 and } Daily Rate Losing, and this day, Sept. 30th, Fast of t 
92 


"23)150(6 
138 


HG 


Green, M, Time 0h 7m 6s, 
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RATING THE CHRONOMETER ON SHORE. 


When a Ship is in Port, and the Sea Horizon visible from the deck, and the Sun is at a proper distance 
from the Meridian, the Rate of the Chronometer may be found ina similar manner to the foregoing 
mples ; or the differenceof its Error on the Mean Time at the place. ascertained after the lapse of several 
days, will give its Rate per day. When the Sea Horizon is not visible from the Ship’s deck, it may happen 
that good Sights can ve obtained from the Sea-beach. In that case, compare the Watch (with which the 
Time is intended to be taken) with the Chronometer, before leaving the vessel, and also on the return on 
board. If the comparisons are the same, then the Watch has no rate, but if they differ, the difference is 
the error of the Watch in the interval. Hence its rate may be found. (unless the Chronometer has itself 
a very large rate,) a proportion of which must be applied to the Time by the Watch when the Altitudes 
were observed. 
The elevation of the Observer's eye above the Sea-level must also, in this case, be carefully ascertained, 
in order to apply the proper correction for the Dip of the Horizon. found in Table V. An Example of 
doing this is not necessary, as it is worked in the same manner as in the preceding Examples, 


By the Artificial Horizon. 


The use of this instrument is fully explained at pages 77 and 78, and the manner of finding the Time 
is given at page 131. It is, therefore, considered unnecessary to give any more Examples of the same, and 
we proceed to give a case of Rating the Chronometer from the Mean Time at the Place, supposed to have 
been obtained from either of the above methods. 


EXAMPLE 1. 


October 3d, 1854. A Ship lying in the Port of Rio Janeiro, her correct position by bearing was Latitude 22° 54’ 
South, Longitude 43° 9’ West. At 8h30m 25s A. M., Mean Time at the place,a Chronometer showed 11h 33m 12s. 
Required its Error on Greenwich Mean Time. 


Mean Civil Time at Rio Janeiro, October 8d............- eee cee. 50m, 2he 
Add wae ae 0 eo 
Mean Astronomical Time, October 2d... ...... bo a's « Gialtel 20h 30m 25s 
Longitude of the Ship 48° 9’ W. in Time........... ----Add.... 2 52 36 
Mean Astronomical Time at Greenwich, October 2d ..........24- 23h 23m ls 
Astronomical Time by Chronometer, October 2d ..........00005 Pe Shhh 


Chronometer Fast of Greenwich Mean Time ......... 020+ eeees - 0b 10m Lls, Oct. 3d. 


EXAMPLE 2. 


Noy. 2d, 1854. At Rio Janeiro, Ship in the same position as before, the Mean Time at the place was 8h 10m 5s 
A. M., the same Chronometer showed 11h 14m 7s, Required its Error on Greenwich Mean Time, and its Rate since 
October 3d, at which time it was 10m 11s too fast. * 


Mean Civil Time at-Rio Janeiro, Nov. 2d...,...0.-0++00: . 8h10m 5s 
Add..ie8z ot 0 
Mean Astronomical Time, Nov. Ist.......0..00.se0 saneeneun 10m os 
Longitude of the Ship 43° 9’ W. in Time........ Add.... 2 52 36 
Mean Astronomical Time at Greenwich, Nov. Ist....... we. Bon .2m 41s 
Astronomical Time by Chronometer, Nov. lst....... Mees? co: 14 4 
Chronometer Fast of Greenwich Mean Time, Nov.2d....... 11m 26s 
do. do. Ochogdiirn... TORE} 
Acenmulated impor) seaweed 6 6.55% vied os adn a Oil dibn'e!« Im 15s 
60 
, Number of days elapsed ...... bv ce cd oa's's mime 6.) SO) 7SGUzatiel Oth Daily Rate gaining 
60 
The Chronometer is this day Fast of Greenwich 11m 26s... )150(5 
And gaining 2 sec. 5-10th per day..........04. ae 150 
0 


Nore.—In East Longitude, the Longitude in Time must be subtracted from the Mean Astronomical Time at the 
per to obtain the Greenwich Mean Time; because the ‘lime at Greenwich must always be the least in East Longi- 
tude. 
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FINDING THE LONGITUDE BY CHRONOMETER. 


Having thus given all the various methods of finding the Longitude by Chronometer which are of prae- 
tical utility, and also the manner of Rating the same, both at “Sea and on Shore, this part of the subject 
will be closed by the following Examples for Exercise. e 


QUESTIONS FOR EXERCISE. 


Question 1st—April 30th, 1854. (Noon at Sea.) In North Latitude, and 24° 30' West Longitude, in the 
morning, the observed Altitude of the Sun was 22° 7’. Greenwich Time by Chronometer 8h 46m 10s, 
reckoned from midnight. Ship then sailed N. E. by E. (True Course) 35 miles until Noon, when the Sun’s 
Meridian Altitude observed was 68° 3’ South. Required the Ship’s Latitude and Longitude in at the 
time of the Sights, and also at Noon. 

Answer. “Tatitade 36° 13’ N., Longitude 25° 13’ W. at time of Sights, and Latitude 36° 32’ N., Longi- 
tude 24° 37’ W. at Noon. 


Ques. 2d.—April 30th, 1854. (Noon at Sea.) Latitude observed at Noon 36° 32' North. In the after- 
noon the Sun’s observed Altitude was 13° 48’. Greenwich Time by Chronometer 7h 7m 15s. Ship had 
sailed E. N. E. (True Course) 30 miles since Noon. Required the Latitude and Longitude in at time of 
the Sights, and also the Longitude of the Ship reduced back to Noon. 

Ans.—Latitude at time of Sights 36° 43’ N., Longitude 24° 2’ W., and Longitude at Noon 24° 37’ W. 


Ques. 3d.—March 26th, 1854. (Noon at Sea.) In South apts and 66° 30’ East Longitude, by ac- 
count. In the morning the Sun’s observed Altitude was 25° 25’. Time by the face of the Chronometer 
3h 29m 1s, or which, reckoned from the preceding Noon is, March 25th, 15h 29m 1s Astronomical Time, 
the Chronometer being 2m 24s fast of Greenwich Mean Time. Ship then sailed N. W. (True) 17 miles 
until Noon, when the Sun’s Meridian Altitude observed was 75° 20’ North. Required the Latitude and 
Longitude in at the time of the Sights and at Noon. 

Ans.—Latitude 12° 39’ S., Longitude 66° 37’ E at time of Sights, and Latitude 12° 20’ S., Longitude 66° 
24' 30” E. at Noon. 


Ques. 4th—March 10th, 1854. (Noon at Sea.) In North Latitude, and 60° 45’ West Longitude, the 
Sun’s Meridian Altitude observed at Noon was 47° 32’ South. Ship then sailed North East (True) 40 miles, 
and in the afternoon the Moon’s. observed Altitude, Lower Limb, was 40° 32’ to the Eastward of the 
Meridian, and the Greenwich Time by Chronometer was 9h 41m 21s. Required the Latitude and Longi- 
tude in at Noon, and also the Latitude and Longitude in at the time of the Moon’s Altitude. 

Ans. —Latitude observed 38° 14’ N., Longitude 60° 33’ W. at Noon, and Latitude 38° 42’ N., Longitude 
59° 57’ W. at the time of Sights. 


Ques. 5th.— April. 7th, 1854. (Noon at Sea.) In North Latitude, and West Longitude, at twilight in the 
morning, the Meridian Altitude of the Star Vega was observed to be 79° 51’ North, and at the same time 
the Altitude of the Planet Venus was 24° 21’ to the Eastward of the Meridian, the Greenwich Time by 

*Chronometer being 10h 15m 55s from midnight, or April 6th, 22h 15m 55s from the preceding Noon, 
Required the Latitude and Longitude in at the time of the Sights. 
ns.—Latitude observed 28° 26’ N., Longitude by Chronometer 70° 7’ W. 


Ques. 6th—February 10th, 1854. (Noon at Sea.) In-North Latitude and West Longitude, at twilight 
in the evening, the observed Altitude of the Star Sirius was 12° 27’ to the Kastward of the Meridian, and 
the Greenwich Time by Chronometer was 10h 4m 41s, and at 14 hours afterwards the Meridian Altitude 
of the Star Aldebaran was observed to be 66° 16’ South. Ship had sailed on a true S. W. Course 12 miles 
3 Kee interval. Required the Latitude in by Observation, and the Latitude and Longitude in at time of 

ights. 

“‘Ans.—Latitude observed by #* Aldebaran 40° 1’ N. Latitude in at time of Sights 40° 10’ N., and Lon- 
gitude 68° 20’ W. at the time of the Sights. 


Ques. 7th—A Chronometer which was 10m 14s Fast of Greenwich Mean Time at New York, on the 
10th of March, 1854, showed 3h 0m 53s, when the Mean Time at Calcutta was 8h 40m 10s A. M., on the 
12th of June, 1854, in Longitude 88° 17’ E., or in Time 5h 53m 8s. Required its Error on Giénw ich 
Mean Time, ‘and its Rate since leaving New York. 

Ans.—lIts Error on Greenwich Mean Time is 13m 51s. Accumulated Error 3m 37s. The number of 
days elapsed 94, and its daily Rate 2 sec. 3-10th gaining sinee leaving New York. 


Nors.—In the above Examples the height of the eye above the Sea-level is supposed to be 17 or 18 feet, 


LUNAR OBSERVATION. 16} 


is THE LUNAR OBSERVATION 


FP steans the measurement of the Angular Distance of the Moon from certain Celestial bodies, and as 
the Moon is constantly advancing to the Eastward in the heavens, at the rate of about 1’ in 2 minutes of 
time, she overtakes and passes all the other Celestial bodies in her progress, they appearing to remain 
stationary in the heavens. 

The Moon’s distance from the Sun, and a few bright Stars and Planets, are calculated for the end of 
every 3 hours, (except during about 6 days at the time of each New Moon,) and given in the Nautical 
Almanae for the Mean Time at Greenwich. The observation of this distance from any part of the Earth’s 
surface, affords the means of determining the Greenwich Mean Time, the difference between which and 
ihe Mean Time at the Ship, is the Longitude in Time. This constitutes a Lunar Observation. . 

If the distance between the Moon and the other body were the same to the spectator, whether viewed at 
the surface or from the centre of the Earth, there would be nothing more to do than to measure the dis- 
tance, (with an instrument,) and to find from the Nautical Almanac the Greenwich Time corresponding to 
it, and to compare this with the Time at the place. But the Refraction of the Atmosphere has the ten- 
dency to raise the Sun, a Star, or a Planet, above its true place in the heavens, and the effect of Parallax 
is to make them appear lower ; the latter has, however, very little effect, in consequence of their great 
distance. (See explanation given at page 67.) On the other hand, the Moon being near the Earth, her 
Parallax in Altitude is greater than her Refraction, and which causes her to appear below her true place 
in the heavens. , 

Hence the Apparent Distance between the Moon and the other body differ from the True Distance, as 
will be seen in the following Diagram. 


DIAGRAM, 
Showing the Effect of Parallax on the Lunar Distance. 


Fic. 28. 


STAN SWB ELAGA CWASIAS? SE Fes 


As the Moon must always be raised, and the Sun or Star lowered, to obtain their true places, the Star to 
the right in the above Figure being higher than the Moon, it is evident that by raising her the True Dis- 
tance will be less than the Apparent Distance. 

Again, the Star to the left being lower than the Moon, by raising her the True Distance will be greater 
than the Apparent Distance. 

And it is evident from the above. that the difference between the True and the Apparent Distances 
depend wlmest entirely on the correction of Altitudes. 

It is therefore useful to bear in mind, as a check against gross mistakes, that the True and Appareni 
Distances cannot differ by more than the Sum of the Corrections of Altitude. Again, when the» Moon’s 
Altitude is equal or less than that of the other body, the True Distance is less than the Apparent Distance. 
But the contrary does not always hold good when the Moon’s Altitude is greater than the other body. 
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THE LUNAR OBSERVATION * 


Is the only independ .t method of finding the Longitude which is practical at Sea, and it requires great 
practice to measure the distance successfully. (See the Use of the Sextant, and the R remarks on Measur- 
ing the Lunar Distance, at pages 72 to 76.) And the application of so many small corrections as are neces- 
sary, when accuracy is required, even with extraordinary care and some skill, it is scarcely possible to 
arrive at extreme precision, although the observation may have been made on shore, with the best instru- 
ments : and it is recorded by practical surveyors, and other scientific men, entitled to great credit, that the 
Mean Longiiude deduced from seven] thousands of Lunar Distances, taken equally on both sides of the 
Moon at one season of the year, hav@ differed from 10’ to 12’ from the Mean Longitude deduced from an 
equal number of Lunar Distances taken in like manner at a different season of the year. 

And from my own experience in observing Lunar Observations at Sea, during the course of many years, 
| am entirely of the same opinion, 

The Lunar Observation is ceriainly an excellent mode of detecting any very gross error in the Chro- 
nometer, and is valuable on that account alone, and also for correcting the Dead Reckoning within certain 
limits: but [ am satisfied that a Chronometer cannot be rated by Lunars at Sea, though some authors of 
Nautical works persist in the contrary opinion. 

The most rapid change of distance between the Moon and a body is 1° 48’ in three hours, and the effect 
of an error of 1' of distance is 25’ of Longitude, or that of 15" error of Distance is 6’ of Longitude in the 
most favorable case. 

An error in the observed Altitudes, however minute, also affects the True Distance. Then there are the 
errors in the Shades or Sereens, and the parallelism of the Telescope, all which are explained at page 72, 
and rules given to correct them: and lastly the errors in the Tables, however small, from which the cor- 
rections are taken. 

It is usual to take Lunar Distances both East and West of the Moon, and to take the Middle of the 
Longitudes so found for the True Longitude. This may compensate to a certain extent for some of the 
errors, but it may nevertheless be several minutes of Longitude from the truth. It is, however, more 
likely to be correct than either of the others. 

From the above facts it would appear that in general the Longitude by a set of Lunar Distances is 
liable to be in error, even with the greatest care and by the most practical observer. This error may not 
exceed 10’. and is in genera! much less; but even this amount of precision is a very valuable acquisition 
to a Ship on a long voyage, and which may not have had an opportunity of verifying her Chronometer by 
the sight of land. For, if after several sets of Distances have been taken, both East and West of the 
Moon, and the Longitude deduced from each set differ considerably from the Longitude by Chronometer, 
and they all point in the same direction, that is, either allto the Eastward or all to the Westward of the 
Chronometer, it may be concluded that the Chronometer is in error to the amount of nearly the difference 
between them. And in the case of a Chronometer thus changing its error and rate, it would be unsafe to 
trust to it during the remainder of the voyage. And as the following method of observing and working a 
Lunar Observation may be done with nearly as little time and trouble as that of finding the Longitude by 
octet: and in the case of the Chronometer breaking down at Sea, the Longitude may be found 

ciently near for all practical purposes by the Lunar method, bearing in mind that in Low Latitudes 
the Degrees of Longitude are large, and where an error of a few minutes of Longitude would be most eon- 
spicuously seen, the bie is generally clear and fine, and the land may be seen ata considerable dis- 
tance off. 

On the other hand, in High Latitudes the Degrees of Longitude are small, and where. an error of a few 
minutes of Longi> de occupy only a small portion of space. or miles of Departure, consequently they would 
have less effect ¢ the Ship’s Distance froin the shore than it would in Low Latitudes. 


LUNAR OBSERVATION 


THE LUNAR OBSERVATION. 


- 


In taking a Lunar Observation, two assistants may be employed to observe the Altitudes of the objects, 

While the principal observer is taking their Distance, and a fourth notes the Times of each by a Watch 
hronometer. 

The Observation is then written down in the following order. (See page 76.) 


June 3d, 1854. In the Afternoon. Height of the Eye, 18 feet. 


Times by Watch. .2h 55m 56s Sun’s Altitude... 49°45’ Moon’s Alt, L. L,..41° 10’ Dist.© and ) ..87° 41/ 20” 
2 58 0 ik ee 49 17 do. 0 32 Tothe Westward 0 42 20 
3 AU 4 do. 48 49 do. 0 54 0 438 20 
8)8h 54m_ 0 3)147° 51’ 3)96 3)127' 0” 
Mn. of the Times. 2h 5 58m 0 Sun’s Obs. Alt.... 49° 17’ 


Moon's Obs, Alt.: agp? 82 Mean Obs. Dist..87° 42’ 20” 


When no assistants are at hand, one person may take ithe whole observation himself; indeed it is more 
satisfactory to do so than to have to trust to others, because it is very rarely possible that the Altitudes of 
the bodies can be seized at the instant of taking the Distance. By adopting the following method the 
observer will be independent of all assistants, and learn by experience to trust entirely on himself in using 
the instruments with precision. 

Being prepared with two Quadrants to measure he Altitudes of the bodies, and a Sextant to measure 
their Distance, all previously adjusted, (or their errors known,) and a Watch to note the Time. Set the 
Index of the Sextant roughly to the Approximate Distance. (See page 74 or 75.) Set the Indices of the 
Quadrants roughly to the Approximate Altitudes of the two bodies. Then, holding the Watch in the hand, 
or place it where the movement of the second hand can be distinctly seen, take an Altitude of. one of the 
bodies, (generally the one farthest from the Meridian,) at the instant the second hand of the Watch has 
completed the full minute, and note down the Time and the Altitude of that body opposite. Take up the 
other Quadrant and observe the Altitude of the other body at the time the second hand of the Watch has 
completed the next two minutes, and note down the Time and Altitude as before. Now take the Sextant 
and bring the Limbs of the obiects in contact, at the instant the second hand of the Watch has completed 
the next two minutes, and note down the Time and the observed Distance. Shift backward or forward 
the Index of the Sextant 1’, (as directed at page 76,) and await the contact; note the Time and Distance 
down as before. Shilt the Index again 1’ in the same direction, and note the time of contact as before, 
three Distances being sufficient. Take up the Quadrant and observe the Altitude of that body which was 
last observed, at the completion of the next two minutes, which note down as before, and finish with 
observing again the Altitude of the first body observed, at ihe expiration of the next following two minutes. 
Thus there will be a uniformity of Time between the Observations, which will render it easy to reduce 
them all to the Mean of the Times at which the Distance of the bodies were observed, as follows ° 


Form of Writing deton the Observation. 


June $d, 1854. T. by Watch 2h 52m 0s Alt, of the Sun....... 50° 41’ 0” Height of the Eye, 18 feet. 
9 h4 IO Moon’s L. Limb... 40 48 0 é& 
2 55 566 Dist. Sun and Moon... 87 41 20 Sun West of the Moon. 
Mn. of Times 2h68m 0s.~ 2 58 0 . do. 0 42 20 -Mean Distance.....:.. 87° 42’ 20” 
Fhe ay Se ae do. 0 48 20 
~ 3°<2 0 (Alt: of Moon’s L: Limb 42 16> 0 
3 633. 0% 


4°50 Alt. of the Sun....... Al 


To Reduce the Altitudes to the Mean of the Times that the Distance was Observed. 


To Find the Sun’s Altitude. 
Time of Ist Alt. 2h52m Alt. 50° 41° T. 1st Alt. 2h 52m 
« gdaAlt.3 4 Alt.47 53 Mn.of T’s2 58 
Say as 12m is to 2° 48’ Sois 6m 
6m being half of 12m, and the Difference of Alti- 
tude being 2° 48’, the half of which subtract 1° 24’ 
Ist Alt. Obs. (and decreasing) Was. .i tsuneo Bima 00 Al 


Sun’s Alt. at the Mean of the Times ........... 49° 17 


To Find the Moon’s Altitude. 
Time of Ist Alt. 2h 54m Alt. 40° 48’ T. 1st Alt. 2h 54m 
mar 2d Alt. 8-2 Saale ae nl, Mn. OF LA 8 
Say as 8m is to 1° 28’ = svis 4m 
4m being half of 8m, and the Difference of Alti- 
tude being 1° 28’, the half of which addded 0° 44’ 
Ist Alt. (increasing) Wake aie als. » in rans Bw cnictgs il, « 40 48 


Moon’s Alt. at the Mean of the Times .......... 41° 32' 


Hence we have the following Observation : 


Mean of the Times by Watch. .2h 58m Qs Sun's Alt.. .49° 17’ Moon’s A. 


41° 32’ Dist. © and ) ..87° 42’ 20” 
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TO FIND THE APPARENT ALTITUDES OF THE BODIES AND THEIR APPARENT 


DISTANCE. 
* Add 12’ to the Observed Altitude of the Sun and Moon, and add their Semidiameter to the Observed Distance 
Sun’s Obs. Alt...49° 17’ Moon’s Obs. Alt., L.L..41° 32’ Obs. Distance of Sun and Moon.......... 87° 42’ 20” 
12 12 Sun’s Semid.15' 48” )’s Aug. Semi. 15’ 21’’.Sum 31 9 
Sun’s App. Alt. .49° 29’ Moon’s App. Alt.....41° 44 Apparent Central Distance...........+-. 88° 13’ 29” 


June 3d, 1854. At 2h 58m P. M.,, Latitude in 30° North, Longitude, Dead Reckoning, 70° W., the Sun’s Declina- 
tion 22° 21’ North, the Moon’s Declination 12° 28’ N., given to Project the Figure. 


DIAGRAM OF A LUNAR, 
Drawn on the Plane of the Meridian. 
Fie. 29. 


ZENITH 
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In this Figure the Sun is on the Prime Vertical. to the Westward of the Meridian, and his Hour Angle 
measured on the Equator gives the Apparent Time of the Observation, 2h 58m P. M. The Moon having 
nearly the same Hour Angle to the Eastward of the Meridian, appears to a spectator situated at a great 
distance to the Eastward of the Earth, (which is in the centre,) to be nearly in the same line of bearing, 
but the following Figure, drawn with the objects facing the spectator, will place them in a better point of 
view for showing the nature of the case. 


DIAGRAM OF A LUNAR, 
Drawn on the Plane of the Prime Vertical. 
Fie. 30. 
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ISABELLA THOMS SC.N_Y. 


In this last Figure both bodies are seen on the Prime Vertical, East and West of the Meridian, their 
Altitudes are laid off from the line of Chords, and their Apparent Central Distance measures on the scale 
88° 13' 29”. Now, it is evident that by raising the Moon (which the correction for Parallax does) we 
bring the Moon nearer the Sun, while the correction for Refraction increases the Distance by lowering the 
bedies ; but as the former has more effect than the latter, the Moon’s True Distance, according to the 
Figure, is less than the Apparent Central Distance. This quantity is found by the Rules given on the 
aext page, and which is termed Clearing the Lunar Distance. 


* This Correction is simply the Difference between the Semidiameters taken at 16’, and the Dip of the Horizon, taken 
at 4’, to be added when the Lower Limbs are tuken. 
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TO FIND THE APPARENT ALTITUDES AND DISTANCE. 


Turn the Longitude by Dead Reckoning into time by Table XXVI, and aaa it to the Time at the Ship in 
West Longitude or subtract it in East, will give the Approximate Time at Greenwich. Prefix the day of the 
month one day less than the Sea date, and call it the Greenwich Date. 

* Take out the Moon’s Semidiameter and Horizontal Parallax from the Nautical Almanac and correct 
ae to the Greenwich Date by Table XXIV. and to the Moon’s Semid. add her Augmentation, taken from 

able VII. 

To the observed Altitude of the Sun and Moon’s Lower Limbs add 12’. But if the Moon’s Upper Limb 
be observed, subtract 20’, and if a Star be observed, subtract 4’. : 

» Take out the Sun’s Semid. from the Nautical Almanae and add both it and the Moon’s Augmentation 
Semidiameter to the observed Distance, will give the Apparent central Distance. 

If a Star be observed, add the Moon’s Augmentation Semidiameter to the observed Distance if the nearest 
Limbs be observed, but subtract it if the farthest Limbs be taken, will give the apparent Distance. 

If one of the bodies be at a sufficient distance from the Meridian, correct its Apparent Altitude for refrac- 
tion by Table IV, but if the body be the Moon, by Table XXV, will give its true Altitude, with which find 
the Mean Time at the Ship as usual; but if both bodies are too near the Meridian an Altitude taken after- 
wards will give the Error of the Watch on Mean Time -at the Ship, which must be farther corrected for 
the Difference of Longitude in Time the Ship has made in the interval; but it is much more convenient 
and correct to time the observation, so that one of the Altitudes of they bodies, (the Sun or a Star is pre- 
ferred) observed with the distance, may also be used to find the Time it the Ship. 


To Clear the Lunar Distance. 


RULE 


1. To the Pro. Log. of the Moon’s. Horizontal Parallax, Table XXXIV, add the Log. Co-Secant of the 
Apparent Altitude of the Sun or Star, taken from the botiom of Table XXVII; and the Log. Sine of 
the Apparent Distance found in Table XXXI, their Sum will be the Log. of the first correction. 

2. To the Pro. Log. of the Moon’s Horizontal Parallax already found, add the Log. Co-Secant of the 
Moon’s Apparent Altitude, taken from the bottom of Table XXVII., and the Log. Tangent of the Apparent 
Distance found in Table XXXI, their Sum will be the Log: of the second correction. 

3. Take the first and second corrections from Table XXXII, and place them under the Apparent Distance. 

4. Take the third correction from Table XXXIII, and after applying to it the correction taken from Table 
P,on the same page, (which is only used when the Sun is observed) and place it under the Second correction, 
add all these corrections to the Apparent Distance, and their Sum, rejecting 10 degrees, will be the true 
Distance. 


EXAMPLE 1. 
June 3d, 1854. In Latitude 30° 0’ N., Longitude by Dead Reckoning 69° 54’ W., the Time by Watch was 2h 58m, 


Sun’s observed Altitude 49° 17’, Moon’s observed Altitude L. L, 41° 32’, and the observed Distance 87° 42’ 20”, 
(See page 164.) Required the true Distance, the Green. Mean Time, the Mean Time at Ship, and the Longitude in. 


Time at-Ship... .. gee %h 55m ©’s Obs. Alt.. 49°17’ )’s Obs. Alt.......5 4a B2./Obs. Dis...... 87? 42’ 90"" 
Long. 69° 54’ W. in time 4 40 Add 12 Add 12 ©’s Semid.... 15 48 
Green. Date, June 8.... 7h 38m ©’s App. Alt. 49°29’ )’s App. Alt...... 41°44’ D’s Aug.Semid. 15 21° 
App. Dist..... 88° 13 29” 
Moon’s Hor. Pare0°55" 87!-Pro. Tomes 90.0902 05 oss So voces viele e's Pro. Log... 0.5102 )’s Sere. Noon... 15’ 8” 
Sun’s App. Alt..49 29 0 Log. Co-See.0.1191 )’s App. Alt. 41°44’ Log. Co-Sece. 0.1767 Corr. 74 hours. . 3 
App. Dist...... 88°13’ 29” Log Sine. 0.9998.........-. os eceree LOG Tang.. 2.5087 15’ 11” 
First Corree, 4.1443" Log ae 1.6291, — AUg.....-ee0- parted 
Seeond Corr. i Die ASD 5-3 git sero. a, 34 00 080,609 0'¢ oe obins »..Log...:... 31956 Aug, Semid....15! 21!” 
Third Corr.. pal ; a. 
Less... . ae 10°==87° 34’ 12" True Distance. Hor. Par. Noon. .55’ 24” 


Cor. 74 hours... 138 
Correct H. Par..55’ 37’’ 


Norre.—The manner of using the Tables for clearing the Lunar Distance are the same as usually done with others, and 
requires no explanation, and in Table XXXII directions are given on the face of the Table for taking ont and applying 
the corrections, and in Table P also the precept Add or Subtract to or fromthe correction in Table XXXIII, are given 
on the face of the Table. 


* The Moon’s Semidiameter and the Horizontal Parallax are taken out for the nearest Noon or Midnight, and their 
Difference ‘n 12 hours found, with which we enter Table XXIV at the Top, and the Greenwich Time from Noon or Mid- 
night at the side, and at the angle of meeting is the correction to be Added or Subtracted, according as they are increas- 
ing or decreasing. 


166 NAUTICAL ASTRONOMY. 


HAVING THE TRUE LUNAR DISTANCE, TO FIND THE CORRESPONDING GREENWICH 
TIME. 


i i yo di 7 i i falls. Take out the 
i Nautical Almanac the two distances between wnich the True Distance ‘ 
er a elo set it down under the True Distance, and note down the hour taken from the head of the 
lumn, and also its Prop. Log., found opposite in the Nautical Almanac. 
eres the Difference ‘between the two Distances thus set down, with which enter Table XXXIV, and take 
out the Pro. Log. of the Difference ; from this, Subtract the Pro. Log. taken from the Nautical Almanac, the 
remainder is the Pro. Log. of a portion of Time to be Added to the Hour taken from the head of the 
column, and the result is the Greenwich Mean Time. 


True Distance previously found........ w 0s ccm eipilviele 87° 34’ 12’’ which falls between VI and IX hours. 
Distance at VI Hours.......+---+ee0- seeeeesenees 86 48 23 Pro. Log. 8208 

Difference. ....ccececcees ene eeces aebietpis Wie seis kik ¢ 0° 45’ 49’” Pro, Log. .5942 

Portion of Time to be Added........... Srelaidis apts ia 1h 35m 54s Pro, Log. .2734 

To the Hour of the preceding Dist. N. A............ Ja ee 
Greenwich Mean Time, June 8d..... eocccce ete Th 35m 54s at the time of the Observation. 


To Find the Mean Time at the Ship, and thence the Longitude. 


The Sun being at a proper Distance from the Meridian, in this case, at the time the Distance was observed, 
the Mean Time at the Ship is found from his Apparent Altitude, after correcting it for Refraction by Table 
IV, as follows : * 


Sun’s App. Altitude......... 49° 29’ Gr. Date, June 3d, 7h 36m 0s. 


eooeveee b. 1 . ° ° , 7 Ul 
ae pens Teo Ba era? Sun’s Declination Noon......... 22°19’ N. Dif. 1h 18’ 
True Altitude........... vaaieay 9. 28 Cente ‘Add 9 - 
Polar Distance. ......enseee- 67 39 Log. 0.03392 race ——— pi el 
Latitude... ....4<. =< shania 80 0 Log.0.06247 Correct Declination............ 22° 21’ N. — 60)126 , 
We 90 0 2! 
Half) Stra. ied wae | 73°34’ Log. 4.45163 Polar Dist...............4. v2 + 67°39! 
DIREPSUCE Foire se 7 ee nae eae. | Equation, Noon amie hae vs... .2m 18s 83 Dif. 1h 410 
App. Time at Ship...... 2h 58m 338s—Log. 9.15908 Corn ee Sub. 3-07 qt 
Equa. of Time. al? ‘Sng 2 10 Correct: Rqnaty. ies, aaerek «2m 10s *26 2870 
Mean Time at Ship. ..... 2h 56m 28s ; 205 
Green. Time by Lunar... 7 385m 54 3075 — 
Longitude in Time...... 4h 89m 8ls—Longitude in 69° 52’ 45’’ West at about 3 P. M. 


The Difference between the Mean Time at the Ship and the Greenwich Time by observation is the Lon- 
gitude in Time, which turned into Space by Table XXVI, or it may be computed by the rule given at the 
bottom of page 140, and the result is the Longitude of the Ship at the time of the observation. 


REMARKS. — 


If the times of the observation are taken by a Chronometer, or which is the same thing, the time of the 
Distance by Chronometer obtained from a comparison with the same Watch used in taking the times of 
the observation, and the Error of the Chronometer on Greenwich Mean Time applied to it, we have the 
Greenwich Time by Chron. at the time of the observation ; then if it agrees nearly with the Greenwich 
time found by the Lunar Distance, the correctness of the Chronometer is confirmed within certain limits : 
but should they differ considerably after several observations, it may be concluded that the Chronometer 
has altered its rate. 

The learner should practice measuring the Lunar Distance when in Sight of Land, or when his Longitude 
is well known, and by that means establish a confidence in himself. But he must not. feel discouraged 
should it happen that his first attempts fall very wide of the truth, (as is generally the case,) but by a 
steady perseverance, and profiting by his former errors, he will, after carefully perusing the instructions 
given at pages from 72 to 76. soon acquire the habit of measuring the Distance tolerably correct. And it 
is easy to know whether the Distance measured has been too great or too small by simply inspecting the 
columns of the Nautical Almanac and finding whether the Distance between the bodies is increasing or 
decreasing; if increasing and the Greenwich Time by Lunar too great, when compared with the Green- 
wich Date, found as above, then the Distance observed has been too great by the amount of the Difference 
of Time. say as 3 hours is to the Difference in 3 hours, so is this Difference of Time to a proportion of 
Space, will give the amount of the Error. When the Distance is decreasing and the Greenwich Time by 
Lunar too great, then the Distance observed has been too small. and the amount is found in like manner 
and vice versa, (See the Rules on pages 168 and 169.) 
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FINDING THE LONGITUDE BY LUNAR OBSERVATION. 


Distance between the Moon and a Star. 


In the preceding Example the Sun’s Distance was observed W. of the Moon, and :n the following Observa- 
tion the Star’s Distance is observed East of the Moon, for the purpose of showing the manner of connecting 
the two Longitudes so deduced, in order to obtain the Mean of the two at the time of the last Observation. 


EXAMPLE 2, 


June 8d, 1854. On the evening of the same day as in the preceding Example, the following Distances were 
observed of Antares, East of the Moon, and East of the Meridian. Ship had sailed from Latitude 30° North, and 
Longitude 69° 52’ 45’’ West, by last Lunar. Course 8. E. (true) 40 miles. Required the Longitude in, and also the 
Mean of the two Longitudes, at the time of the last Observation. 

June 3d. Times by Watch.. ... Th 51m 30s Alt. of Antares........ 12° 57’ 0” 
g * 7 53 40 L. Limbof the Moon... 60 27 0 


7 55 45. Dist. remote Limb..... 85 35 40 

Mean of the Times Th 57m 45s..47 57 40 do. 0 34 40 Mean Dist....85° 84’ 37” 
59 50 do. 0 33 30 
8 1 58 Ajteof the Moon....... 59 31 0 


8 8 59 £Altitude of Antares....15 27 0 
The Altitudes are now reduced to the Time of the Mean Distance by Pro. Logs. as follows: 
To Find the Star's Altitude. To Find the Moon's Altitude. 


H. M. 8. - M. 


pe” ee H, M.. <8. Ss. 

T. of Ist Alt.'7 51 80 Ist Alt. 12° 57’ T. 1st Alt.7 5180 T. of Ist Alt. 7 53 40 1st Alt. 60° 27’ T. 1st Alt. 7 53 40 
“« Od Alt.8 359 2d Alt. 15 27 Mn. of 'T’s 7 57 45 “ 2d Alt. 8 158 2d Alt. 59 31 M.of T's ‘T 57 45 
4 5 


Then say as 1229 isto 2° 30’ sois 615 Then say as is 818 isto... 56! Sins 
12m 29s Pro. Log. 1.1589. 8m 18s Pro. Log. 1.8362 
Arith, Compli Bettie « 8.8411 Arith, Compli...... 8.6638 
2° 30’ Pro. Log... 0.0792 0° 56’ Pro. Log... 0.5071 
6m 15s Pro. ‘Log. 1.4594 1st Alt. Obs. increas, 12° 57’ 4m 5s Pro. Log. 1.6443 Ist Alt. Obs. decreas. 60° 27’ 
0.3797 Pro. Log. of the Corr. 1 15’ 0.8152 Pro. Log of the Corr. 0 28’ 
Alt. of Antares at the Time of the Mean Dist....14° 12’ Alt. of*the Moon at the Time of the Mean Dist...59° 59 
To Find the Greenwich Date and the Necessary Preparations for Clearing the Distance. 
H. M. 8. 
Time at the Ship.. 757 45 CoS.E.40—D.L. 0° 28’ Dep. 28’==D. L. 0° 82’ 45’ E. D's Sem. Mid. 15’ 13” H.Par.55’45’ 
L. in 69° 20’W. in T 4 37 20 Lat. Left...... 30 0 Lon. by Lunar 69 52 45 W. Aug. 13 Corr. 1’ 
Gr. Date, June 3d, 12 85 5 Lat. In........ 29° 32N. “ brought on 69° 20’ 0’ W. Aug.Semid, 15’ 26” H.Par.55/46' 
‘Aveo! Antares. 2... .\6-- 14° 12’ Alt. of Moon’s L. L,....59° 59’ Obs. Dist. Moon's remote Limb... 85° 34’ 37” 
Dip for 21 feet... .Sub. 5 Add... keke Aug, Seniidmaens ies»: <4 wae Sub, 15 26 
SRG RPP cAlticiis 0% < 14°, 7’ Moon's App. Alt. ..... . 60° 11’ App. Central Distance.......... 85° 197 11’ 
To Clear the Lunar Distance and Find the Greenwich Time. 
D’s Hor. Parallax........ Cae maith EPO Ad ORD BR ie cat g sis 0s 0 > »+ unenetle a Pro. Logs... wees otic 
MEAD. Alb ns on aces 14 7 0 Co-Sec... 0.6128 )’s App. Alt..... 60°.11’. Co-Secant ....... 0.0617 
App. Distance.......-+-- BOual SD slid Pein Gs de OGRE he date clare np.c 0 oe 2 s.0 San mee’ TRO. cele «oe 2.0866 
First Correction .......+- 4 46° 21..Log..... 2.1202 
Seeond Corr woceceee es 8 Oe 5 2 58 eerer ee eee eeeoee eee eeceereree es ee eeee eee e@rceorereeeereeeese en 2.6572 
BRMRPCSOOIT. «.'6 os sine aidcosein = 3 30 
True Dist...... Less 10°==85° 13’. 0” 
Dist. at Midnight, or XII, 85 29 55 Pro. Log. 0.2843 
PUMPER es Ssbe wet eo 16 55" Pro. Log. 1.0270 


0.7427 Oh 32m 38s portion of Time to be added 
to the Hour of the preceding Distance,N. A..12 0 


Greenwich Mean Time 12h 32m 338s at the Time of the Distance. 


To Find the Mean Time at the Ship, and thence the Longitude. 
App. Alt. of Antares .... 14° i Gr. Date, June 3d, 12h 35m Sun’s R. Ascen. .4h 44m 13s Dif. 1h.10s12h 358 


Corr. for Ref.........sub. ~~. + Oorrecinee ania. ati. Qk 

e's True Alby digs. codes 14° 4 Sun’s Corr. R. A.4h 46m 18s 

Polar Distance .......++- 116 6 Log. 0.04671 Equa.... 2m 13s 

TAMCCUO. oc cke some ciesss _29 32 Log. 0.06045 Corr.... 5 *%'s Right Ascen., 1854.... 16h 20m 24s 
BD; 41’ Corr. Eq. 2m 8s 

Flalf Stim 3.55 aces hacen 79°50’ Log. 4.24677 *’s Declination, 1854..... 26° 6S 

Deveney <> eins severe 34 65 5 47 Log. 4.9 4, 96000 90 O 


H. Ang. of * East ¥s Polar Dist-....  ....116° 6’ 


of the Meridian t sh 35 35m 58s Log. 9.31393 


aes R. Ascen......- 16 20 24 ~ Mean Time at Greenwich by Lumar...........0-seeeeee 12h 32m 333 
R. A. of the Merid.. 12h 44m 26s Mean Time at Ship ..5..... «..:. Apis SAAN Ee 1 ee nl 
Sun’s R. Ascen..... 4 46 18 Lobe: by Lunary iets. + s+ + ccs s seesesses 69° 8/15’ == 4h 36m 338 
App. Time ........ ~ 7h 58m 8s Long. by last Lunar brought on by D.R.... 69 20 0 

Equation of Time .Sub. 2 8 $)188° 28’ 15" 

Mean Time at Ship. 7h56m 0s Moan. Long. by Tamar. <... «.<.< cid sivisle nibia wbio 69° 14’ 7” W.at time of 


[last Obs 
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FINDING THE LONGITUDE BY LUNAR OBSERVATIONS. 


Distance Observed between the Moon and a Planet. 


EXAMPLE 3. 

July 3d, 1854. In Latitude 39° 25’ South, Longitude by Dead Reckoning about 80° East, at 8h 30m P. M., 
Apparent Time at Ship, the observed Altitude of the Planet J upiter was 81° 35’ Hast of the Meridian, the observed 
‘Altitude of the Moon’s Lower Limb 38° 51’, and the observed Distance between the centre of Jupiter, Hast of the 
Moon, and the Moon’s remote Limb was 102° 31’ 43”. Index Error 1’ 30", subtractive, and the Greenwich Mean 
Time by Chronometer, being correct, was 8h 14m 28s. Required the Longitude in by the Lunar Distance, and the 
Error (if any) of the measured Distance. 


Prevaration for Clearing the Distance. 
Green. Time or Date, by Chro, July 8d,.... 8h 14m 28s Moon's Semid. Noon 15’ 31” and H. Par.........56’ 49” 


Corr. Gr.Date 2° { Add 11 Oorr. Gr. Date.. Add 6 


Obs. Dist. )’s remote Limb..........4.- 102° 31’ 48” Augm. 9 ais 
Index Error. ......eeeses eeoeeeeSub, 80 Aug. Semid...... 15° 42"’ Hor. Par........+.56" 66” 
Obs. Distance’ s..08+cs<sssheen enue oy LOZ tee 1a 

Moon’s Aug. Semid......++sseeeee Sub. 15 42 Obs. Alt. Jup.... 31° 35’ Obs. Alt. D’s L. L.... 38° 51’ 
Apparent Distance...+.+e+eeree ewes. 102° 14’ 31”’ Dip ...... Sub. 4 Cort......0- ... Add 12 


App. Alt. Jup... 81° 81’ App. Alt.of the D .. Ae, a 
To Clear the Distance. 


)’s Hor. Parallax::. capes 56’ 55’ Pro. Log. 0.6000 ....... 9 viva nb: => aoe eRe Pro. Log. 0.5000 
Jupiter’s App. Alt..........-. 81 81 0 Co-Secant0.2817 D’s App. Alt..... 39° 8’ Co-See.. 0.2007 
App. Central Distance ........ 102° 14731" Sine. ..% 0.9900 Fos... cia é doce sh 2 ole etal 2 even 
First. Correction... .. «sires «1% hbo oo eee By le 0 5 ak are 
Second Correction...........- OD +s ce Nine airs Bats eo = cis opine sae 5s eee 2.3644 
Third Correction... .caie.- >>> 2 28 

True Distance, less 10° ....... 101° 38’ 40” 

Distance, N.A., at IIh........ 101 46 12 Pro. Log. 0.2618 

Difference..... eke a 0° 7 32” Pro. Log..i.8783 


Pro. Log. 1.1165=0h 18m 46s portion of Time to be added 
to the time of the preceding Distance,N.A.... 3 0 0 


Greenwich Mean Time ‘by Lunar... Pomen... . 2s. ccccccceces 3h 18m 46s 


To Find the Time at Ship, and thence the Longitude. 


App. Alt. of Jupiter... 81° 31’ Green. Date.3h14m 28s Sun’s R. A. Noon... 6h 48m 84s Dif. 1h.10sx8th—=32s 
Refraction....... Sub. Y Corrovss SES Add _ _82 

True Alt. of Jupiter... 31° 29' East of the Meridian. Corr. R. Ascen... . 6h 49m 6s 

Polar Distance ....... 68 21 Log. 0.08177 


Latitude.....65. ses: 39 25 Log. 0.11207 Jup. Dec...21° 39'S. Jup. R. Ascen.... 19h 44m 26s 

139° 15’ 90 0 Cor. Gr, Date. .Sub. _ 8 
Half Sains cn Wee is os 69° 388’ Log. 4.54161 Polar Dist.. 68° 21’ Correct R. A... . 19h 44m 288 
Difference ........... 88° 9’ Log. 4.79079 


Maskbes 3 Equa. of Time.... 8m 49s°25 Dif. lh—"455 X 8418 47 
H. Angle of Jup. E. 4h 26m 28s Log. 9.47624 ro A Add 1°47 


Pre RE ages sake Correct Equa.... 8m 50s 72 
R.A. of the Merid..15h 19m 0 


Sun’s R. Ascen..... 6 49 6 


App. Time at Ship. 8h 29m 54s Greenwich Mean Time by Lunar......... . 8h 13m 46s 
Equa. of Time. Add 3 51 Mean Time at Ship .......... Bian Paes 8 383 45 
Mn. Time at Ship.. 8h 83m 45s Longitude in........ ... 79° 59’ 45" E==5h 19m 59s 


To Find the Amount of Error in the Measurement of the Lunar Distance. 


Here the Correct Greenwich Time by Chronometer given being........ 3h 14m 28s 
And the Greenwich Time by Lunar being .. +0. ..0.2..003----..000e 3 13 46 
Hence their Difference in Time is....... 42 see, 
The Greenwich Time by Lunar being too small, and the Distance between the bodies decreasing, the Distance 
observed has been too great, the amount of which is found as follows: 
Take from the N. A. the Pro. Log. of the Difference of Distance in 8 hours, (already found,)... 0.2618 
Place under it the Pro. Log. of the Difference in Time, which is 42s—=2.4102 


) Their Sum.... 2.6710 
is the Pro. Log. of a portion of Space, 0° 0' 28’, and which is the error of the measured Distance having been too great 


The error of the measured Distance may also be found, as before observed, when in sight of land, the 
position of which is well laid down, by first finding the Ship’s true position by bearings of the land, and 
turning her Longitude into Time and adding it to the Mean Time at the Ship in West Longitude, or sub- 
tracting it in East, will give the true Greenwich Time. Then the comparison between this and the Green- 
wich Time by the Lunar Observation, as in this case, affords the learner the means of judging of the 
correctness of his observed Lunar Distance. 

In observing with the Planets, the usual practice at Sea is to bisect the middle of the Planet on the 

round limb of the Moon. This saves the trouble of allowing for the semidiameter of the Planet. 
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FINDING THE LONGITUDE BY LUNAR OBSERVATIONS. 
EXAMPLE 4. 

July 4th, 1854. In Latitude 40° 20’ S., Longitude at about 81° 30’ E., at 2h 52m 0s P. M. Apparent Time at the 
Ship, the Sun’s observed Altitude was 15° 0’, the Moon’s observed Altitude Lower Limb 29° 11’, and the Sun’s Dis- 
tance West of the Moon 100° 12’ 24’, Index Error 2’ 80” Additive, the Greenwich Time by Chronometer, July 3d, 
21h 30m 3s, and which was known to be correct. Required the Longitude @ by the Lunar Distance, and also the 


Error (if any) of the measured Distance. 


Preparation for Clearing the Distance. 


Green. Time or Date, July 3d.......... 21h 30m 3s Moon’s Semid. Mid....... 15’ 38’’ and Hor. Par. 57’ 14” 

(By Chronometer.) Corr. G. Date 6” Aug.8’’, Add 14” Corr.G. Date, Add 21 
Obs. Dist. nearest Limbs..........-.-- 100° 12’ 24’ Corr. Aug. Semid. ..... 15’ 52” Correct H. Par.. 57’ 385’ 
PEK TNTONS. cide vee tee gets Add 2 30 Muga pe : : 

, ist. ’ MOSS te. 100° 14’ 64" Suns Ss. bieke 15° 0’ Moon’s Obs. Alt. L. L.. 29° 11 
«pele ert tein a pg vs BP io eae 15 46 Corr. a ee ie Add 12 Cite meatal sl araae Add | 12 
Moon’s Aug.) Semid, 225.5. 05. se eee 15 562 Sun’s App. Alt.... 15°12’ Moon’s App. Alt...... 29° 23’ 
Apparent Dist..... "LEE oo oe 100° 46’ 32” 


Clearing the Distance. 


Moon's Hor; Parallax. ........00..00- 517° 85” Pro. Log. 0.4950... .. 6. ahaha ahehetaneey .....Pro, Log. ..0.4950 
Sunsrapp, Altitude... ...'....0e88 0 15° 12 Co-Sec. 0.5814 )’s App. Alt.....29° 28’ Co-Sec..... 0.8092 
parent Distance... secewcieees 100° 46’ 32" Sine. ... 0.9923. ....... eer Tang..... 1.7205 
BEEEIOELOCUIOL , . «ov os ve pee ees Sb 4 44 38 2.0687 

GeO Correction «......,-:.:ais,scercivis.e v0 « SIDES TIO AUMEN Ts Fos cwodeneega ess occas os Satan temas ot 2.5247 
TREES ORDEOHON. ¢ ic! sft oe ucin toe. 2 35 


True Distance. ............ ess 10°==100° 28’ 22 
Dist. Nautical Almanac at XXI hours. 100 18 12 Pro. Log. 0.2876 


ERR ati chs ie vinta aidln tase 15’ 10” Pro. Log. 1.0744 
Pro. Log. 0.7868 Oh 29m 25s Portion of Time to be Added. 
To the Hour of the preceding Dist. Naut. Almanac............ 21h.5 Omead 
PRE CACY PLING HOP LAMOEL o.5 4 0.0 4 sis vn nde «bin co eum a atatidts + + «6 21h 29m 25s 


To Find the Time at the Ship and thence the Longitude. 


Green. Date, July 8d... 21h 80m 38s Dee. Noon, July 4th...... 22° 64’ N. 

Sun’s App, Alt............ 15° 12’ 24 0 O Oorrfor 2$h. ...6.5uAdd 1 
PEStCSOTIUN gies do v0.6 0:0 Sub. 3 Time from Noon, July 4, 2h 29m 57s 92° 55’ N. 
Samia True*Alt. .¢.....5. 05 15° 9! 90 0 
IRE LPIAG en css elles ck ss 112 55 Log. 0.08571 Polany Dist. . 4.2, ves cage LI Boy 
WORTALIGC Wiad ve. 0's ae 's vas! sees 40 20 Log. 0.11788 

168° 24! Equa. of T...4m 0s 1? Qif, 1h 441 
HalfeSums sod. cclage eee! 84°12 Log, 4.00456 Comm, 23h, Sub. UP ae 
BIOTECH. 5. Ue gos a ad saree 69° 3’ Log. 4.97080 Corr, Equa...8m 59s + oe 
App. Time at Ship...... 2h 52m 48 Jog 9.129845 see A 
Equa. of Time...... Add $'e 59 celta 1°10°2 


M. T. at Ship, July 4th. 2h 56m 88 
Add 24 0 0 Green. Mean: Time by Lunar, July 3d........ 21h 29m 25s 


OrJily 8d.ieceyc28). 26h 56m 3s Mean Time at Ship, July 8d..-......... ..- 26 86 8 
Longitude in by Lunar........ 81° 89’ 30’ E— 5h 26m 88s 


To Find the Amount of Error in the Measurement of the Lunar Distance. 


Here the Correct Greenwich Time by Chronometer given 18 ......e..eeeees 21h 30m 3s 
and the Greenwich Time by Lunar being...........+2.-+eee0- .. 21 29 25 
Their Difference in Time is..... 38s 


The Greenwich Time by Lunar being too Small and the Distance between the bodies increassvs #e Dis: 
tance observed has been too Small, and the amount is found as follows: 


Set down the Pro. Log. of the Difference of the Distance in 3 hours (already found) 0.2876 ‘ 
And place under it the Pro. Log. of the Difference 38s in Time......... 2.4536 
Their Sum..... eee 2.7412 
i the Pro, Log. of a portion of Space 0° 0’ 20’’, and which is the Error of the Measured Distance, having be too 
Small. ; 


Hence the following Rule. 


Greenwich Time by Lunar too Great= Distance Observed is too Grea 
Greenwich Time by Lunar too Small= Distance Observed is too Smal: 
Greenwich Time by Lunar too Great= Distance Observed is too Smaii 
Greenwich Time by Lunar too Small= Distance Observed is too Great 
by the amount of the Error found as above. 


Lunar Distance Increasing. | 


Lunar Distance Decreasing. | 


170 NAUTICAL ASTRONOMY. 
FINDING THE LONGITUDE BY LUNAR .BSERVATION. 
EXAMPLE 5. 


The Bodies being too near the Meridian the Mean time at Ship is found Afterwards by an Altitude of the 
. Sun, and showing the Manner of Applying it. 


August 15th, 1854, or August 14th, 17h 28m 0s Apparent Astronomical Time by Watch, in Latitude 10° 23' N,, 
Longitude 20° 15’ W., the observed Altitude of the Star Aldebaran was 69° 24’, the Moon’s Altitude L. Limb 
on the Meridian 83° 24’, and the observed Distance Moon’s nearest’ Limb 19° 15’ 6’’, Index Error 1’ 45” Additive. 
The Course and Distance made good was W. by S. 9 miles, until 18h 14m 28s Astron. Time by the same Watch, 
when the Sun’s observed Altitude was 5° 23’. Required the Latitude in by the Moon's Altitude, the Mean Time by 
the Sun’s Altitude, and the Longitude in at the Time of the Lunar Distance. . 


Preparation for Clearing the Distance. ” 
App. Astron. T. at Ship, Aug, 14th. 17h 28m Moon’s Semid Mid......... 15’ 15” and Hor. Par. Mid ... 55’ 52” 
Long. 20° 15’ W. in Time... Add.’ ¢1 .21.. Corr: for MOMOUTBs 6 9.4 «2s Sub. 38 Corr. for Th.....Sub. 13 
Greenwich Date, August 14th..... 18h 49m : 5’ 12” Correct Hor. Par.... 55’ 39” 
%#* East of the Moon. Moon's Aug SO. . aes Add 15 
‘ ms Ang. Samide 20k . SW 1S Tl 
Observed Distance nearest Limb..19° 15’ 6”’ 5 ier 
Index Error... .+.s++++++: Add 1 40 4’ Obs. Altitude......... 69°24’ )’s Obs. Alt. L. L. 83° 24’ N. 
Observed Distance Corrected. ...19° 16’ 61" Dip...............4. Sub. 4. Corrta ga 2 Add 12 
Moon's Aug. Semid............ 15 27 gs App. Altitude......... 69° 20’ )’s App, Alt.... 83°36’ 
Apparent Distance............ 19° 32’ 18” 
To Clear the Distance. 

Moon’s Hor. Parl........ 55’ 80 aero: 0.5098... Sea eeeene oh cats ancien Pro, Log. 0.5098 

%*'s App. Altitude.....69°20 0 Co-See.. 0.0289 )’s Apparent Altitude. ...88° 36’ Co-Sec. 0.0027 

App. Distance........ 19°32 918! "reas 310.5244... dy Ae ss Oe ae ee Tang... 0.5502 

First Correction...-.. 2 24 20 Log..... 1.0631 

Second Correction. .... T 3D AS PRTG fh nnd 0st tee oe et Serer ery te Log... .. 1.0627 

Third Correction...... 0 0 21 , 

True Dis. less 10°..... 19° 82/4774 


Dis. N. A. at XVIIIh 19 57 386 Pro, Log. 0.8115 
24' 49” Pro. Log. 0.8605 
~ 5490= Oh 50m 51s Portion of Time to be Added. 
To the Hour of the preceding Dis.N. A....18 0 0 
Greenwich Mean Time by Lunar............... 18h 50m 51s_ 


To Find the Latitude by Observation and the Mean Teme at the Ship when the Distance was Observed. 


Time by Watch..... 18h 14m 28s Sun’s Dee. Noon, August 5th.... 14° 6’ N. 
Sun's Obs, Alt.....0..03% 6° 28") Longeg0515 W.in T. 1° 21380. Corm for, 4gh cc.) ee Add 3 
aid -* ee . e steee Add fat, ae Green. Date....... 19h 85m.28s Correct: Dec; .v!.........0. a 14° 9. 
in’s Tr BEI. 5 «5 wtnes 5° 26’ , : aE 
ae Distant i ie Was atieds 75 i Log. 0.01838 Sup EpleeD iat sae aah iii 
Latitude. weds. Seer ale 10 28 Log. 0.00717 D’s App. Mer. Alt. .83° 36’ N. 
91° 40’ Corr. for Alt. ..Add 6 Equa. Noon...... 4m 17s 
Halt Sumatera se eee 45° 50' Log. 4.84808 ROMA eos’. 6d 83°42’ Cor4th......Add 2 
Difference; > See 3 ye ais os 40° 24" Log. 4.81166 _ Zen. Distance....... 6°18’ §, Correct Equa....4m 19s 
App. Times a. +03 18h 12m 10s Log. 9.67529 Declination........ 16 41 N. 
Equa... .... m«sAdd 4 19 Latitude in....... 10° 23’ N. 
Meas Times)... < secs 18h 16m 29s at Ship. 


To Find the Mean Time at Ship at the Time the Distance was Observed. 


Take the Difference between the Times shown by the Watch or Chronometer at the Time the Distance 
was observed and the Time the Altitude of the Sun was observed, which call the Interval Turn the Dif- 
ference of Longitude (made in the Interval) into Time, and Subtract it from the Interval if Sailing West 
or add it to Interval when Sailing East, will give the Correct Interval. Subtract the Correct Interval from 
the Mean Time obtained from the Sun’s Altitude, and the result is the Mean Time at Ship at the Time the 
Lunar Distance was observed : then the Difference between the Greenwich Mean Time found by Lunar and 
this Mean Time at Ship reduced back, is the Longitude of the Ship in Time. 


EXAMPLE IN THE ABOVE CASE, 


MeGh TING RUE ss 55. eae ek eee 18h 16m 29s Time of Distance by Watch............. 17h 28m 0s 
Correptensintervalain esa. ...ciessdaws Sub. 45 52 Time of Sun’s Altitude by Watch....... 18 14 28 

Mean Time at Ship when Dist. was Obs... 17h 30m 37s Measured Interval by Watch... « onan 46 28s 
Green. Mean Time by Lunar, August 14th. 18 50 51 Course W. by. S. 9=D. Lon. 9’ W. in Time..Sub. 36 
Longitude in............ 20° 3’ 80/7 W.= Ih 20m 14s Corrected Interval.............seeeeee-. 45m 523 


If the Interval is great it will be more correct to measure the Interval by Chronometer, but if the Watch keeps 
uniform Time, the Chronometer is not necessary. 
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FINDING THE LONGITUDE BY LUNAR OBSERVATIONS. 


The Sun being too near the Meridian, the Time is found by the Moon’s Altitude. 
EXAMPLE 6. 


August 15th, 1854, or Angust 14th, at 22h 30m Apparent Astronomical Time at Ship, the Moon’s observed 
Altitude, Upper Limb, West of the Meridian, was 18° 38’, Sun’s Altitude 67° 28’, and his observed Distance East 
of the Moun 91° 7’ 44’’,. Index error 1’ 45’, additive. The face of a Chrdhometer at the same time showed Oh 
10m 23s. The Ship sailed S. W. (true) 15 miles until Noon, when the Latitude observed was 9° 56’ N., the Longi- 
tude by account at the same time being 21° 30’ West. Required the Longitude by Lunar Observation, and 
supposing it to be correct, the error of the Chronometer on Greenwich Mean Time, and also the Longitude by 
Lunar brought up to Noon by the Dead Reckoning. 


> Preparation for Clearing the Distance. 
App. Time at Ship, August 14th,.... 22h 30m Moon’s Semid. Noon ....15’ 9" and Hor. Par. Noon,... 55’ 30” 
Long. 21° 30’’ W. in Time....... Add 1 26 Augment......... Add 5 
Greenwich Date, Aug. 14th........ 23h 56m 15’ 14” 
Obs. Dist. nearest Limb .... 91° 17’ 44” 
Pndes TerPor paves. os ° Add 1 45 
Obs. Dist. corrected........ 91° 9’ 29” 
Sure Semida.o...:... Add 15 50. Moon’s Obs. Alt. Up. Limb...... 18° 38’ Sun’s Obs. Alt..... 67° 28° 
Moon’s Aug. Semid.... Add 15 14 | Sub. 20 Add 12 
App. Central Dist ......... 91° 40’ 38” )’s App. Central Alt.......3.. 18° 18’ Sun’s App. Alt..... 67° 40’ 

To Clear the Distance 

MoonwsstHor, Parallax. .......6ssi0s 0° 55’ 30’ Pro. Log. 0.5110 Pro. Log. 0.5110 
Sun’s App. Altitude ............ 67 40 0 WMo-See 0.0839 )’s App. Alt..... 18°18’ Co-Secant 0.5031 
Apparent Distance. .......+-e+6. 91° 40’ 33” Sine 0.9998 Tangent 2.5340 
Pret Oormrection:).... essa scces ees I OU sacar eae 1.5447 
Seeond Oorrection .......s.seece 4 59 30. ; : , é : - - : : 3.5481 
TRAEGUOTTECUION: 6. sc kes oe en a 
True Distance, less 10°........0.. 90° 51' 50’ 
Dist. N. A. at Noon...... iy Pie ake 90 51 50 


0° 0’ O” Green. Time, Aug. 14th... 24h 0m 0s, or Noon of Aug. 15th. 


0 Find the Mean Time at the Ship, and thence the Longitude. 


App. Alt. of the Moon.... 18° 18’ Time by Face of the Chro. 0h 10m 23s. )’s R. A. Noon, Aug. 15th, 3h 16m 29s 
Cor. for Alt., Table XXV, Add 49 


WOMMETAG’ Aibaiee cars + «> rots D ’s Dee. Noon, Aug. 15th, 17° 38’ N. 
pis Polar | Dist... 0.0.5. 72 22 Log. 0.02090 PolayeDisti.’: <0 yaw « 5 gue) eee 
po 0G Ce eee 10 7 Log. 0.00681 
101° 36’ Suns R. A. Noon, Aug. 15th,... 9h 38m 34s 
Se a ee 50° 48’ Log. 4.80074. 
, Difference ....... «+ Few. 81° 41’ Log. 4.72084 Equa. of Time, Noon.... 4m 1és, 
D’s H. A.West of Mer. 4h 52m 0s==Log. 9.54879 
D’s R. Ascen....Add 3,16 29 Course to Noon 8. W. 15 miles D. Lat. 11’ Dep. 11’=D.Lon—0°11’ 
R. A. of the Merid.. 8h 8m 29s Latitude Obs. at Noon..........- 9° 56’ N. 
Add 24 0 0 Lat. in‘at Time of Dist....... segaurer tT N. 


82h 8m 29s 
Sun’s R. Ascen..Sub. 9 388 383 


App. Time at Ship.. 22h 29m 56s Greenwich Mean Time by Lunar, Aug. 14th ........ 24h Om Os. 
Equa. of Time.Add 4:16 Mean Time at Ship, Aug. 14th.............000.00- 22) 34% 12 
Mean Time at Ship. 22h 84m 12s Pong. by Lunar.'. . +. «« danni 21° 27’ 0” W.== lh 25m 48s. 
Diff. of Long. made to Noon........ LPO We 
Long. in by Lunar, Noon .......... 21° 38 OW 


To Find the Error of the Chronometer. 


Time by Chronometer when the Distance was Observed.... 0h 10m 23s Past Noon, Aug. 15th. 
Greenwich Mean Time by Lunar.............. ek teide's 0 0  O or Noon of Aug. 15th. 


Hence the Chronometer is Fast of Green. Mean Time...... 0h 10m 28s 


In this case, if the Time at Ship had been found from the Sun’s Altitude, the error in the Time wovld 
be 8 seconds too great, the Sun being too near the Meridian. 

The Moon being the lower body in this ease. by raising her the True Distance is:48’ 43’’ less than the 
Apparent Distance. (See Figure 30.) And as before observed, the Difference between the Apparent and 
the True Distance can never exceed the Sum of the correction for Altitude. (That is, the Moon’s parallax in 
Aititude, found in Table XXV, and Sun or Star’s correction for Refraction, found in Table IV.) When 
the difference between the observed and the true Distance exceeds that quantity, it may be concluded that 
some gross error has been committed in the Clearing of the Lunar Distance. 
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TO COMPUTE THE ALTITUDES OF THE OBJECTS AT THE TIME THE DISTANCE Wag 
OBSERVED, 


Having the Correct Apparent Time, the Latitude of the Place, and the Approximate Longitude. 


It sometimes happens at Sea, in taking a Lunar Observation, that the Altitude of one or both of the 
objects are lost in consequence of cloudy weather coming on. In that case, if the Apparent Time at the 
Ship, and the correct Latitude of the place are known, the Apparent Altitudes of the objects may be 
computed as follows : 


RULES 
To Compute an Altitude. 


ist. If the Time at Ship is not known, and a Chronometer at hand, (and its error on Greenwich known.) 
take the Greenwich Time by Chronometer at the time of the Distance, from which subtract the Longitude 
in Time in West, or add it in East Longitude, will give the Mean Time at the Ship. - From the Nautical 
Almanac take out the Equation of Time, and apply it to this Mean Time the contrary way to what is 
directed in the column for Apparent Time, and the result is the Apparent Time at the Ship at the time the 
Distance was observed. 

If an Altitude of one of the objects has been observed at a proper Distance from the Meridian, the 
Apparent Time can at once be found from its Altitude. 

Or, the Waich may be corrected to Apparent Time by an Altitude taken either before or after the Lunar 
Distance has been observed, allowing for the difference of Longitude in Time, made in the interval. 

If the Apparent Time at Ship is A. M., add 12 hours to it; but if P. M., both will then be the Apparent 
Astronomical Time from the preceding Noon, which must be dated one day less than the Sea account ; if 
the Civil day is used, and the Apparent Time is A. M., date it also one day less, but when P. M. date it 
the same as Civil Time. 


2d. Find the Hour Angle of the object, which, if it be the Sun, is the Apparent Time from the nearest 
Noon. If the object be the Moon or a Planet, find the Greenwich Date as usual, and from the Nautical 
Almanac take out their Right Ascensions and Declinations, and correct them to the Greenwich Date ; but 
if the object be a Star, take out its Right Ascension and Declination from Table XVIII, and correct the 
Sun’s Right Ascension taken from the Nautical Almanac to the Greenwich Date. 

Add the Sun’s Right Ascension to the Apparent Time, their Sum (less 24 hours, if it exceed that quantity, 
will be the Right Ascension of the Meridian, the difference between which and the Right Ascension of the 
object in Time will be its Hour Angle; write under it the Latitude and the Declination of the object. 


3d. Then, if the Latitude of the place and the Declination are both of the same name, that is, both North 
or both South, their difference will be the Meridian Zenith Distance ; but if one be North and the other 
South, their Sum will be the Meridian Zenith Distance. 


4th. Add together the Logs. of the Hour Angle, found in Table XXIX, the Log. Co-Sines of the Latitude 
.and Declination, from the top of Table XXVIII, and the Log. Secant of the Meridian Zenith Distance, 
‘from the top of Table XXVIT. The Sum of these 4 Logs., (rejecting 10 from the Index,) found in Table 
“XXIX, will give an Arch in Time. 


5th. Turn this Arch in Time into Degrees, &c., by Table XXIX, and from the top of Table XXVII take 
out its Log. Secant, which add to the Log. Secant of the Meridian Zenith Distance, (already found,) the 
Sum will be the Log. Co-Secant of the True Altitude of the object, found at the bottom of Table XXVII. 


6th. Asthe Apparent Altitudes are used in correcting a Lunar Distance, it is necessary to reduce the 
True Altitudes thus found as above to the Apparent Altitudes. When the object is the Sun, Planet, or a 
Star, this .is simply the correction for Refraction, taken from Table [V, which must be added to the True 
Altitude. Their Sum will be the Apparent Altitude, 

But when the object is the Moon, enter Table XXV with the Moon’s True Altitude at the side, and her 


Horizontal Parallax at the top, and take out her correction for Altitude. _ This subtracted from the True 
Altitude will give her Apparent Altitude. 


In the:night time, at Sea, a Lunar Distanee may often be correctly observed, while the Altitudes of the 
objects may be in great uncertainty from the obscurity of the horizon; and in tlie case of the Moon, in 
‘cloudy weather, long, dark shadows are sometimes projected on the Sea under her, which renders it impos- 
: sible to obtain her Altitude correctly. In that case, the Altitudes may be computed by the above Rules. 
But it rarely happens that a time cannot be chosen to observe the Altitudes correct enough for Clearing 
the Lunar ‘Distance, as precision in the Altitudes is not necessary, and thus saving the heavy additional 
 caleulations ef Altitudes in working a Lunar Observation. 
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TO COMPUTE THE ALTITUDES OF THE OBJECTS AT THE TIME THE DISTANCE WAS 
. OBSERVED. 


To Find the Sun’s Altitude. 
Suppose it was required to find the Sun’s Apparent Altitude at the Time of the Distance Observed in 


Example 1st, page 166, the Mean Time at Greenwich by Chronometer being, June 3d, 7h 36m Os, Latitude 
in 30° 0’ N. and Longitude 69° 54’ 15’’ W., we proceed as follows: * 


Green, Time by Chronometer, June 3d..... 7h 86m 0s Sun’s Dee. Noon. 22° 19’ N. Equa. of Time Noon 2m 13s 
Long. 69° 54/15’' W.in Time........ Sub. 4 39 387 Corr. for 7$h. Add 2 Corr. for 74....Sub. 3 
Maan ‘Time. at) Ship...2 ss .'s ee ccs oie 2h 56m 23s Correct Dee..... 22° 21’ N. Correct Equ...... 2m 10s 
Fagna. Of Time... os. « 2/006 a cies in coeis ons Add 2 10 

Apparent Time at Ship ....... eieas US aes 2h 58m 88s Log. Table XXIX..... 9.15902 

Sun’s Declination...... BAD: FO cae a ee 22°21’ N. Co-Sine Table XXVIII 4.96608 

DIATE 5s «aie danislenic e+ oe ace ose oe 30 0 N. Co-Sine Table XXVIII 4.98758 

Meridian Zenith Distance.............+.. 7° 39° See. Table XX VII 0.00388. ..0.00888 

MOPOIL WM LIMIG: so tye voce les ve nets se coed 2h 39m 42s Log.....Table XXIX 9.06651 

Turned into Degrees by Table XXVL....39° 56’..... See.....Table XXVII at Top...0.11532 

SUERR UT POG AU MTACUIOG,.7. «oc 5 0 vn e's nas eces« AO Eee. ov. Co-See..Table XX VII at Bottom 0.11920 

SUGIPARIIO SL AUIe LV... 2. css ae ciames Add hay 

Sun’s Apparent Altitude................. 49° 29’ 


To Find the Moon's Altitude. 


Required to compute the Moon’s Altitude at the time of the Distance observed, in Example od, page 167, the 
Apparent Time at Ship being, June 3d, 7h 57m 45s, the Latitude in 29° 32’ N., and Longitude by Acct. 69° 20’ W. 
to find the Moon’s Apparent Altitude. 


App. Time at Ship, June 3d...7h 57m 45s App. Time at Ship.........7h 58m Sun’s R. A. at Noon. 4h 44m 18s 
Bete) ASCO. 6 ass» <as » ssies 4 46 18 Lon.69° 20’ W.in Time Add 4 87 Corr. for 12h 35m Add 2 5 


R. A. of the Meridian. .......12h 44m 33s Greenwich Date, June 3d..12h 35m Sun’s Correct R. A.. 4h 46m 188 
Moon’s R. Aséen........cece feb Lg 


Aah )’s R. A. Mid..... 11h 4m 18 
Moon’s Hour Angle ........ lh 88m 50s Log.... Table XXIX 8.66664 Corr. for 85m..Add an . 
Moon’s Declination.......... 11° 27' N. Co-Sine Table XXVIII 4.99127 Y's Correch Hat iih 6m 18s 
1 Ee a a 29° 32’ N. Co-Sine Table XXVIII 4.93955 Oreck ae or ee 
Meridian Zenith Distance..... 18° 5’ see---- Table XXVII 02200 0.02200 

OR iP UGLE. cs sya os c)aia 6s 1h 84m 11s Log.... Table XXIX 8.61946 

Turned into degrees by Tab. XX VI 28° 33’ Sec.... Table XXVII_ at Top 0.038777  )’s Dec. Mid.. 11° 85’ N. 
Moon’s True Altitude....... 60° 88’ Co-See. Table XX VII at bottom 0.05977 Corr. 35m..Sub 8 
Corr. for Alt. Table X XV, Sub. af 27 D's Corr. Dec. 41°27 N 
Moon’s Apparent Alt........ 60° 11’ at Time of the Dist. See Ex. 2d, page 167. 


To Find a Star’s Altitude. 


Required to compute the Altitude of the Star Aldebaran at the Time of the Distance, in Example 5th, page 170, 
the Apparent Time at Ship being, August 14th, 17h 28m 0s, the Latitude in 10° 23’ N., and Longitude by Acct. 
20° 15’ W,, to find the Star’s Apparent Altitude. 


App. T. at Ship, Aug 14th....17h 28m 0s App. Time at Ship...... 17h 28m Sun’s R.A.Noon, Aug. 14, 9h 34m 48s 
BOE, ASCO. swags ears 9 87 58 Long. 20° 15’ W. in T.. 1 21 Cor.for G.Date18h49m Add 3 10 


27h 5m 58s Green. Date, Aug. 14... 18h 49m Sun’s Correct R. A.. ....9h 37m 58s 
Sub. 24 0 0 


R. A. of the Meridian...... 3h 5m 58s R's R. A. Tab. XIX... 4h 27m 32s 
ee 6 cite ASOCT. yc sine verse = 4.27 | 32 3 Dec. T ag 8 
%’s Hour Angle.......... Th 2im a4s Log. Table XXIX 849601 8 Dec. Tab. KIX..... 16° 18’ N 
%’s Declination........... 16°18’ N, Co-Sine Table XX VIII 4.98237 

BIMETUTIONG.). <c aictete actin nent o's .10 23’N. Co-Sine Table XX VIII 4.99283 

Meridian Zenith Dist....... 5°50) ‘See. -- Table XXVIT_0.00225—0.00225 

ORS Th TENG. . «+ ica wars ss 1h 19m 27s Log... Table XXIX 8.47346 

Tur. into degrees by T. XX VI 19° 52’... Sec.... Table XXVII at Top... .0.02665 

%’s True Altitude......... 69 20 .... Co-See. Table XXVII at bottom 0.02890 

Dorr. for Refs occ eee Add 0 ‘ 3 PD ED Ore 

’s App. Altitude......... 69°20’ at the Time of the Dist. See Ex. 5, page 170. 


It may be remarked here that considerable care is required in correcting the R. A. and Declinations to the 
Green. Date, and also in having the Apparent Time correct, especially when the object is near the Prime 
Vertical, but an Error in the Latitude at that time will not much affect the result, and when the object is 
near the Meridian any probable Error in the Time will not much affect the computation, but an Error in 
the Latitude will cause nearly an equal Error in the computed Altitude. 

Norr.—An Error of 2’ or 8! in the Altitude of a Star has more effect in producing an Error in the True Lunar 


Distance in some eases than an Error of 10/ in the Moon’s Altitude would have. This is important to bear in mind in 
working a Lunar Observation. 
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FINDING THE LONGITUDE BY LUNAR OBSERVATIONS ON SHORE. 


A Lunar Observation may be taken on Shore by the aid of an Artificial Horizon for observing the Sun’s 
Altitude (see pages 77 and 78) only; the Altitude of the Moon can be computed by the preceding rules, 
and the observations should be taken when the Sun is at a proper Distance trom the Meridian with the 
view of obtaining the Time at the place, from the same Altitude observed with the Distance. 


The Observation. 


Compute the Approximate Distance as directed at page 74, ready for use, and proceed first to observe an 
Altitude of the Sun inthe Artificial Horizon, note down the Time and the Altitude, set the Index of the 
Sextant to the Approximate Distance, and when brought into the field of view bring the Limbs in contact, 
note down the time and the observed Distance, proceed to take any odd number of Distances and their cor- 
responding Times, as recommended at page 76, and finish with an Altitude of the Sun, noting down the 
Time as before. 

Find the Mean of the Times of the Distance and the Mean of the Distances, and the Difference be- 
tween the Times of the Altitudes and the Difference of the Altitudes: then say, as the Difference of the 
Times is to the Difference of the Altitudes, so is the portion of Time between the Time of the first Altitude 
and the Mean of the Times of the Distance to a portion of Altitude, which Added or Subtracted to or from 
the first Altitude, according as it is Increasing or Decreasing, will give the Sun’s Altitude at the Time of the 
Mean Distance. 

Having the Sun’s observed Altitude. the Latitude of the place (which may be obtained in like manner by 
the Sun’s Meridian Altitude, see page 92.) and the Approximate Longitude, proceed to find the Apparent Time 
as in the Examples at page 131. 

Having the Apparent Time at which the Distance was observed, compute the Moon’s Apparent Altitude 
(by the Rule at page 172), and proceed to work the Lunar as before : 


EXAMPLE OF WRITING DOWN THE OBSERVATION 


September 26th, 1854. At 3h 57m 15s P. M. Mean Time at New York, in Latitude 40° 42’ 42” N., and Longi- 
tude 74° 0' 15” W., the following observation was made to find the Longitude. 


Time per Watch..........+-.  3h53m 0s Alt. Sun's L. L. Art. Hor. 41° 32’ 0” 


3 55 10 Dis. of Sun and Moon... 55 i138 10 Mean Dis..... 55°14’ 10” 

Mean of the Times 8h 57m 15s.<~ 38 57 25 do. do. eat eel Index Error..Add 59, 
8 59 RB do — do. 0° 15°10 -)-Qpar pig Ge 55° 16" 0” 
4 sleeeey Alt.Sun’s.L. L.... ci te SSessa. 0 


To Find the Sun’s Altitude at the Time of the Mean Distance and thence the Time at the Place. 


Time of the Ist Alt..... 8h 53m 0s Ist Alt. 41° 32’ Time of 1st Alt. 3h 53m Os 8m 28s Pro. Log..... 1.3276 
do. 2d Alt.... 4 1 28 2d Alt. 38 383 Meanofthe T...38 57 15 arith Co.... .. 8.6724 


Say as 8m 288 is to 2° 59’ So is 4m 15s 2° 59’ Pro. Log. ... 0.0024 
4m 15s 1.6269 
Sun’s Obs. Alt. Artif. Hor. 40° 2’ 8” Time by Watch.... 3h 57m 15s 1° 29’ 52’==Pro. Log... 0.8017 
Index Error........Add 50 Long. 74° W.in Time 4 56 0 Ist Alt.31 32 0 Decreasing. 
Observed Angle....... $)40° 2’ 58’ Greenwich Date.... 8h 53m 0s Obs.Alt.40° 2’ 8” at Time of Dist, 
Alt. of Sun’s L. Limb.. 20° 1/ 99” Sun’s Declination Noon.... 1° 12’ 52’. S. Dif. ih 58 
Sun’s Sem. 16’ Ref. 2'29"= 18 31 Corres oi. eee Add. 8 42 G. Date 9h 
Aa ake Altitude...... 20° 15° st Correct Declination....... Le 847 &. 60)522 
olar Distance.......... 91 21 84 Log, 0.00012. 99 0 0 ~ 8! 42” 
11 TCE Te Cee ree: ie 4 o, 0.12 : Sea Pee 
ae FAdd ol Log eeeess Polar ‘Distance... 3. ssa 91° 21’ 34” 
152° 19’ 16” 
RAE ASU, ss teats w+» 76° 9! 38'" Log. 4.37876 Equation of Time, Noon. 8m 87s ‘87 Dif. lh ‘840 
Difference........00..0 5D° 64’ 88” Log. 4.91812 Oorrection........... Add’) _"1'°56'G. Datel) “th 
App. Time at Place..... 4h 6m 0s =Log. 9.41733 Correct Equation 8m 45s “43 7560 


Equation of Time...Sub. 8 45 


Mean Time at Place..... 8h 57m 158 
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TO FIND THE LONGITUDE BY LUNAR OBSERVATIONS ON SHORE. 


Having the Apparent Time, to Compute the Moon’s Altitude at the Time of the Distance. 


App. Time at place... 4h 6m 0s Green. Date, Sept. 26th, 8h 53m 0s. D’s R. A. at Noon 15h 26m 42s 
Sun’s Right Ascen.....12 12 33 At Midnight ...... 15 54 24 
R. A. of the Merid. .. 16h 18m 33s Sun’s R.A. 12h 11m 12s Dif. 1h: 9s Diff in 12 hours... Oh 27m 428 
re Daa econ 8 15 47 #12 Oorr!. 2 Add yet 9 Diff. 12h. Pro. Log.. 1.1761 
py s Hour Angle..... Oh 31m 21s Log. 7.66891 R.A...12h 12m 33s 60)81s Avith. Comp....... *8.8239 
)’s Deelination...... 20° 80’ S. Co-Sine 4.97159 lm 21s 27m 42s Pro. Log.. 0.8128 
Batitudes,. 40. ....0 40 43 N. Co-Sine 4.87964 G. D. 8h 53m Pr. Log. 1.8067 
> 's Mer Zen. Dist.... 61° 13’ ...Secant 0 31740—0.81740 Odrr. cae ees 20m 30s=0.9434 
Arch in Time.... 0h 88m 4s = Log. 7.83754 R. A.....15h 26m 42s 
In degrees........ 9° 31’ == Secant ........ 0.00602 D’s R. A. 15h 47m 12s 

Moon’s True Alt. ..... 28° D1! we Co-See.. .cvces 0.82342 D’s Declination, Noon...... 18° .63' S. 
Corr, Tab. XXV,..Sub. 0 49 Corr. G. Date 9h ...... Add .1 87 
Moon’s App. Alt...... 27° 32' at the Time of the Distance. )’s Correct Dee. ...... #2 120° 30'S 


Hence we have the following Observation to Clear the Distarce and find the Longitude ; 
Mn. Time at the place 8h 57m 15s Sun’s Obs. Alt. 20° 1’ )’s App. Alt. 27° 32’ Obs. Dist. 55° 15’ 07 


Mean Time 8h 57m 15s Sun’s Obs. Alt. 20° 1’ )’s Semid., Noon 15’ 53’ Hor. Par. 58! 12” 
Lon. 74° W.in Time 4 56 £O Semid. Add 16 Corr, 2” and Augm. 8” 10 Corr. G.D. 8 
Gr. Date, Sept. 26th 8h 58m 15s Sun's App. Alt. 20°17’ )’s Aug. Semid. .... 16’ 3’ )’s H.Par. 58" 90" 
Sun’s Semid <4 /sfanaeiatees 16 O 
Obs. Distance....... 55°15 0 
App. Distance...... 55°47" 3" 
Moon’s Hor. Parallax...... .- 58’ 20’ Pro. Log. 0.4894 . ‘ , , Pro. Log. 0.4894 
ISTHR A AL fh iaiehy nj ceases 90 17 0 Co-Secant 0.4601 )’s App. Alt...27° 32’ Co-Seecant 0.3351 
LUD. DIEPAICO 2 sos oe sis oie 2 a5 477.8 Sine. o) 0.9175 TRe's\s «a's Oh Mes ees Go Tangent 1.1675 
Pirst. CoereGionin. vets wees s.6 a Sh Soe wet me eel. OGTU 
Second Correction ........00- 5 18 20 ! 2 . ’ ; 1.9920 
Third Correction. < 4... cs rt deed ele 9 
Trte Distance: 24 2... ses wee 55° 42' 16” 
SPA NO AG VES ty é'se'c tie e's 54 10 41 Pro. Log. 0.2769 
MMH CEGHUG so. cca dulde cates «ck -. 1° 81"85" Pro, Log. 0.2935 


Pro. Log. . 0.0166=-2h 58m 16s portion of Time to be added 
to the Time of the preceding Distance, N.A, 6 0 0 


Greenwich Mean Time..... ...... . 8h 53m 16s : 
Mean Time at the Place............ 8 57. AS 
Longitude of New York in Time..... 8h 56m ls=74° 0' 15" W. 


Another Example of this method is not necessary, as all the various eases are already given of finding 
the Longitude by Lunar Observations, and it will be perceived that this is exactly the same, except in the 
use of the Artificial Horizon, where no correction for the Dip of the Horizon is required i In finding the 
Apparent Altitudes. 

A person thus having a good Sextant, an Artificial Horizon, a Nautical Almanac, and an Epitome of 
Navigation, which together will form an excellent portable Observatory, he may, by the aid of a Compass, 
travel far inland, remote from human habitations, and be able at any time, when the Sun, Moon, and Stars 
are visible, to find his position ; and although the Longitude is required to be known with some degree of 
precision, in order to find the Greenwich Date, for the purpose of correcting the quantities taken from the 
Nautical Almanac, it may be remedied by working the Lunar over again, ‘using the Longitude so founé 
in the roora of the Approximate Longitude first used, to find the Greenwich Date, and to correct the quan. 
tities taken from the Almanac anew. 

Then, suppose he wishes to know in what direction any given place on the Sea-coast lies, the True 
Bearing and Distance can be found by Mercator’s Sailing. 

The Variation of the Compass ean be found at Noon, when the Sun is on the Meridian, by simply fixing 
a weoder pin in a perpendicular position on the side of ‘the compass-box, so that the shadow will be thrown 
over the centre of the card, this will be the True Meridian line, the difference between which and the 
North or South points of the Compass is the Variation. (See the Note at page 118, and the Diagram at 
page 119.) Or, if the Sun is too near the Zenith, it may be found in the morning or evening by an ampli- 
tude, that is, if the surface of the ground is level and not very high above the Sea, (See page 116.) The 
variation so "found and applied to the True Bearing, will give the Compass Bearing of: any given place 
‘required. 
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FINDING THE LONGITUDE BY OBSERVING THE MOON’S DECLINATION. 


When the Moon and a Star are on or near the same Meridian together, the Longitude may be found by 
measuring their Distance ; because the Star’s correct Declination being given in the large Nautical Almanac 
the Moon’s Declination can be deduced therefrom. 

The Greenwich Time corresponding to this Declination, taken from the large Nautical Almanae, and 
compared with the Mean Time at Ship at which the Observation is made, gives the Longitude of the Ship. 

And as the Moon changes her Declination at the rate of about 14’ in 1 hour of Time, when near the 

Equator, an error of 1” in the Observed Declination will produce an error of 1’ of Longitude, and an error 
of 1’ in the Observed Declination will produce an error of 1° in the Longitude, even in the most favorable 
pase. 
: This method is, therefore, not capable of much precision. Besides, it can only be used to advantage when 
the Moon’s Declination changes rapidly, that is, when she is near the Equator ; but when the Moon has 
great North or South Declination this method is not practicable. It may, however, be found useful in 
some cases, as the Observation (the objects being on the same vertical line) is much easier to take than a 
regular Lunar Distance. 


THE OBSERVATION. 
Finding the Approximate Distance. 


ist. Inspect the large Nautical Almanac and find whether the Moon’s Declination changes sufficiently 
rapid for the purpose, if so, then find at what time she passes the Meridian at Greenwich, and reduce it to 
the time of her passing the Meridian of the Ship,* which will be the Mean Time at the Ship. Turn the 
Longitude by account into Time, add it to the above Time, in West Longitude, or subtract it in East, will 
give the Greenwich Date. Apply the Equation of Time to the Mean Time at Ship, will give the Apparent 
Time at Ship. Now inspect Table XVIII. and find a Star which passes the Meridian at or as near this 
Apparent Time as possible. Take out the Moon and Star’s Declinations from the Nautical Almanac. 
Then, if they are of the same name, take their difference for the Approximate Distance ; but when of 
contrary names, take their Sum. 

Finding the Proper Star. 


2d. Set the Index of the Sextant to this distance, find the Star, and bring it in contact with the round 
limb of the Moon. Now, having the Watch previously regulated to Apparent Time at the Ship, at the 
instant of Apparent Time by Watch at which the Moon is on the Meridian, observe her Distance from the 
Star, and note down the Time and the Distance observed. 


Correcting the Observed Altitudes. 


3d. Observe also the Altitudes of the Moon and Star roughly. If the Lower Limb of the Moon be 
sbserved, add 12’ to it ; if the Upper Limb be observed, subtract 20’, and subtract 4' from the Star’s Altitude. 


Correct-ng the Semidiameter and Horizontal Parallaz. 


4th. Take out the Moon’s Semidiameter and Horizontal Parallax, correct them to the Greenwich Date, 
and to the Semidiameter add the Augmentation. If the near Limb of the Moon has been observed, add the 
augmented Semidiameter to the observed Distance, but if the far Limb has been observed, subtract it. 


Finding the Moon’s Parallax in Altitude. 


5th. To the Secant of the Apparent Altitude of the Moon add the Pro. Log. of the Horizontal Parallax, 
their Sum will be the Moon’s eorrection for Altitude, and from Table IV take out the Refraction for her 
Apparent Altitude. 
Applying the Correction for Parallax in Altitude. 


6th. If the Moon’s Altitude is less than the Star’s, subtract her correction for Altitude from the Apparent 
Distance, and add the Refraction to it; but if the Moon’s Altitude is greater than the Star’s, add her cor- 
rection to the Distance and subtract the Refraction from it. 


Applying the Correction for Refraction. 


__ Tth. If the Star’s Altitude is less than the Moon’s, add its Correction for Refraction to the Distance ; but 
if the Star’s Altitude is the greatest, subtract it, and the result will be the True Distance, if the Star is on 
the Meridian at the same time nearly as the Moon. 


Finding the Corfection of the Star’s Altitude when not on the Meridian. 


8th. But if the Star is not on the Meridian at the Time of the Distance, find the number of minutes, &e., 


it is distant from the Meridian, by computing its Meridian passage, and find the portion of Altitude want- 
ing of its Meridian Altitude, by the Rules given at page 111. 


To Apply the Correction for the Star’s Altitude. 


ce . 
9th. Then if the Star’s Altitude be less than the Moon’s, subtract this portion of Altitude from the 


Apparent Distance: but, if the Star’s Altitude is greater, add this portion of Altitude to it, and the result 
is the True Distance between the Moon and the Star, 


* To find this correction, say as 360° is to the daily variation of the Moon’ i idi i i 
. ! , y ig oon’s passing the Meridian, so is the given 
Longitude in, toa portion of Time to be added to the Time of her Meridian Pane in “he N.A.. ip West Tonelli 
or subtracted from it in East, will give the Mean Time of her Meridian Passage at the Ship. 
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Having the True Distance between the Moon and Star to find the Moon’s Declination, 


10. Take from the Large Nautical Almanac the Star’s Correct Dee. and mark it North or South; then 
if the True Dis be less than the Star’s Dec. the Diff. is the Moon’s Dee. of the same name as the Star’s. 
But if the True Dis. be greater than the Star’s Decl. the Diff. will be the Moon’s Deel. of a contrary 
name to the Star’s. Whemthe True Distance and the Star’s Decl. are equal the Moon is on the Equator. 
Having the Moon’s Observed Declination to find the Greenwich Time and the Longitude. 

11. Find in the large Nautical Almanac the two Declinations between which the observed Declination 
falls, and take their Difference ; take the Difference also between the preceding Declination and the observed 
Declination. Then say as the Difference of the Declination in one hour is to one hour of Time, so is the 
Difference between the preceding and the observed Declinations to a portion of Time, which Added to the 
Hour marked opposite the preceding Declination in the Nautical Almanac, will give the Mean Time at 
Greenwich at the time the Distance was observed. 

Having the Greenwich Time to Find the Longitude. 

12. The Mean Time at the Ship being found in the usual manner, and it is required to have the 
Watch previously regulated to Apparent Time, before commencing the observation, then by applying the 
Equation of Time we have the Mean Time of the Distance, the Difference between which and the Green- 
wich Mean Time is the Longitude in Time, to be turned into Degrees and Minutes as usual. 

The following Diagram will explain the nature of the observation. 

PROJECTION OF THE MERIDIAN ALTITUDES OF THE MOON AND STAR SPICA. 
Given the Latitude 26° N., Star’s Decl. 10° 23’ S., and Dist. 9° 44’ 21’, to Find the Moon’s Decl 
Fie. 31 


ZENITH 


— 


RATIONAL ae 


EXAMPLE 1. : 

April 14th, 1851. In Latitude 26° 2’ N., Longitude by Chronometer carried on 88° 0’ W., at 11h 28m 29s M. T. 
at the Ship, the observed Distance of the Star Spica from the near Limb of the Moon was 9° 25' 32” Vertically, 
Moon’s observed Altitude, L. L., 62° 41’, and the Star’s Altitude 53° 13’. Required the Longitude in. 


HORIZON 


) ‘s Mer. Pass. N. A., April 14th,11h 18m 0s Mean T. at Ship.........- 11h24m ©’s R, A. lh 28m 87s Dit. 9s 
Say as 360° is to 52m sois Lon.38°to 5 29 Long. 38° W.in Time..... 2 32 ag 14h 
Mean Time of Pass. at Ship.....11h 28m 29s Green. Date, April 14th... 18h56m ©’sR.A. 1h 30m 48s _ )126 
Equation of Time. seeeees Sub. Ol & me haeklee. 69° 41° e's R.A. 18 17 22s 2m 63 ‘ 
Appzrent Time at Ship........ 11h 28m 148 Qorr........ Add 12 Mer. Pass. of 3% Spica 11h 46m 39s 


D's App. Alt, 62° 58’ See.......... 0.8412 D’s App. Alt... 62°53’ APPgBpotObs....... 11 28 45 
Hor. Parallax 60’ 15’’ Pro. Log..... 0.4753 K's Obs. Alt... 53° 13! *’s Dist. fr. the Mer. 22m 54s=—= 7°397 


Cor. D’s Par.in Alt. 27’ 28'’= Pro. Log. 0.8165 Qorr,....... Sub. 4 Lat. 26° N. and Dee. 104° S. Log. 0.475 
Obs. Dist. * and ) near L. 9° 25’ 32” %’s App. Alt....53° 9’ Por. of Alt. wanting + 25’ 35” =7872 
)’s Augm. Semid..... Add 16 42 }’s Semid. Mid. 16’ 26” Hor. Par..... 60’ 17” 
Central Distance. . esipavety 50) Seana on... 2%. 16 Cor. G. Date. 2 
) ’s Corr. for Par.inAlt..Add 27 28 4 yom, Semid...15’ 42” Hor. Par,.... 60’ 15” 
ogee LO See D’s Declination N. A., April 14th, at 18h.......... .. 0°26'21" § 
Ref. ) ’s Ap. Alt.62°52'.Sub. 0 29 do. do. do. at 4h eas: 039 41 § 
10°" 9° 18" Difference in l hour..... «13 20” 
; KQ°QG/ ° : P ° 
Ref. 3's Ap. Alt.53°9"..Add 0 43 Then say as 13’ 20” is to 1 hour sois 12’ 19'’ to a portion of Time. 
10° 9’ 56” Difference in 1 hour... ..13’ 20’” Pro. Log. 1.1308 
Por. of Alt. wanting of Mer. ++ 25! 35_ Arith. Comp. 8.8697 
True Dis. between #* and ) 9° 44’ 21” ae bes 1! GE ae vues ods ere oe Pro. Log. 0.4771) 
%* Spica Ree. N. A., Ap.14, 10° 28’ 1’ g Sois the Diff. betw. the Preced. and Obs. Decl. 12’ 19” Pro. Log. 1.1648 
Diff. is the )’s Obs. Dec. 0°38 40 g _ Portion of Time to be Added............. Oh 55m 25s = 0.5116 
)’s Dec. at 138h....... - 026 21 Time of the preceding Declination.......... 13h 0 O 
Diff. between the Obs. and 19" 19” Grenwich Mean Time. ..... 0.00000 00000 13h 55m 25s 
the Preceding Decl.. i Mean Time at Ship........ hile oie wed lle, ati 11 23 29° 
oagitade inves 2.2... 37° 59’ 0" W.== . 2h 31m 56s 


The result is a Diff. of only 1’ less than that by Chron. brought on by D. R. from Sights taken in the Afternoon. 
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FINDING THE LONGITUDE FROM THE MERIDIAN ALTITUDES OF THE MOON AND A STAR 


a The principle of this method is the same as that in the preceding example, that is, of finding the Moon’s 
Declination by observation ; but in the room of measuring the Distance between the Moon and a Star, we 
take the Difference between their True Meridian Altitudes. Then the Differénce between this and the 
Star’s Declination is the Moon’s observed Declination, which furnishes the Greenwich Time as before. 

In this-case it is not necessary that the Altitudes of the Moon and Star should be observed at the same 
time, though they necessarily must pass the Meridian within a short time of each other, in order to obviate 
the necessity of making a correction for the Ship’s change of place, especially when making much Northing 
or Southing. 

The Altitudes should be accurately observed with a Sextant to the nearest second, and at Twilzght, when 
the Horizon is distinetly visible. This method is therefore seldom practical in the Night Time, asit depends 
entirely on the accuracy of the measured Altitude. 

By the method given in the 1st Example the Altitudes are not required with precision, as its accuracy 
devends upon the measured Distance between the Moon and the Star; an ill defined Horizon in the Night 
Time is therefore no detriment to the former observation. 


THE OBSERVATION. 
The Proper Time for Observing the Moon’s Altitude. 


1. The Limits are the same as in the preceding example, that is, the Time must be chosen when the 
Moon’s change of Declination is at the greatest, and also the day on which the Moon will be on the 
Meridian at Twilight, which can be easily ascertained by inspecting the Nautical Almanac, and by inspect- 
ing Table XVIII, find a Star which passes the Meridian about the same time and on the same side of the 
Zenith. 

Find the Mean Time of the Moon’s Meridian passage at the Ship, to which apply the Equation of Time, 
will give ihe Apparent Time. and the Watch must be previously regulated to the exact Apparent Time at the 
Ship, (which can be easily done by an Altitude of the Sun before he sets,) because the Moon’s Altitude 
must be observed at the instant of Apparent Time by Watch, (according to computation) at whieh sbe is 
on the Meridian of the Ship, and the Time and Altitude observed noted down. - 


Observing the Star’s Altitude. » s 


2. Find the Star by the rules given at page 106, No. 3, and the Apparent Time of its passing the Meridian 
by Table XVIII. Observe its Meridian Altitude at this time, which will be indicated by the Watch, either 
before or after the Meridian passage of the Moon, or according to which of the objects passes the Meridian first. 


Correcting the Semidiameter and Horizontal Parallaa. 


3. Find the Greenwich Date as usual, and take out the Moon’s Semidiameter and Horizontal Parallax, 
correct them to the Greenwich Date, and to the Semid. add the Moon’s Augmentation. 


To Find the Moon’s Apparent Altitude. 


4. If the Moon’s Lower Limb be observed add the Aug. Semidiameter, if the Upper Limb subtract it, will 
give the Central Altitude. Take out the Dip of the Horizon accurately from Table V, and Subtract it 
from the. Central Altitude, will give the Apparent Altitude. . 


To Find the Moon’s True Altitude. 


5. Add the Log. See. of the Apparent Altitude to the Pro. Log. of the Horizontal Parallax, and their 
Sum will be the Pro. Log. of the Moon’s Corr. for Parallax in Altitude, which add to the Apparent Alt. 

Enter Table [V with the oon Apparent Altitude, and take out the Refraction corresponding to it, 
and which must be subtracted from it, and the result is the Moon’s True Altitude. 


To Find the Star’s True Altitude. 


6. Enter the same Table with the Star’s Observed Altitude, and take out the Refraction, Subtract both 
Dip and Refraction from the Observed Altitude, will give the Star’s True Altitude. 


Having the True Altitudes to Find the Moon’s Declination. 


7. From the Large Nautical Almanac take out the Star’s correct Declination and mark itN.orS. Take 
the Difference between the Star’s and the Moon’s True Altitudes, then the Difference between this portion 
of Altitude and the Star’s Declination is the Moon’s Observed Declination, f 

If the Difference of the Altitudes be greater than the Star’s Declination the Moon’s Yeclination will be 
of a contrary name to the Star’s. But if the Difference of Altitude be less than the Stay’s Declination the 
Moon’s Declination will be of the same name as the Star’s. 


Having the Moon’s Observed Declination to Find the Greenwich Mean Time. * 


8. Find in the Large Nautical Almanac the two Declinations between which the observed Declination falls, 
and take their Difference: take the Difference also between the preceding and the observed Distance ; then 
say as the hourly Difference is to 1 hour so is the Difference between the preceding and the observed Decli- 


nations to a.portion of Time, which Added to the hour opposite the preceding Declination. will give the 
Greenwich Mean Time at the time of the observation. 
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FINDING THE LONGITUDE FROM THE MERIDIAN ALTITUDES OF THE MOON AND A STAR, 


To Choose a Case. 


Suppose it was required to find the Longitude by this method, on the evening of the 6th of July, 1854, 
On inspecting the Nautical Almanac, I find that the Moon’s Declination changes at the rate of 123’’ in 10 
minutes of time ; the Moois also on the Meridian at twilight. And on inspecting Table XVIII, I find 
that the Star Arcturus will be on the Meridian about the same time. The case is, therefore, practical, 
and we proceed at once to find the Apparent Time at Ship, and correct the Watch. 

EXAMPLE 2. 


July 6th, 1854, In Latitude 42° 10’ North, Longitude 64° 56’ West, at 6h 47m 7s Apparent Time at Ship by 
Wateh, the observed Meridian Altitude of the Moon’s Lower Limb was 41° 21’ 10’’, and about 23m afterwards the 


~ 


Meridian Altitude of the Star Arcturus was observed to be 67° 52’ 15’, the elevation of the eye being 18 feet. Re- 
quired the Longitude in at the Time of the Moon’s Altitude. 


PROJECTION 
Of the Meridian Altitudes of the Moon and the Star Arcturus. 
Fic. 32. 
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It will be perceived by the above Diagram, that the Star’s Declination (being North of the Celestial 
Equator) subtracted from the Difference between the Moon and the Star’s Altitudes. furnishes at once the 
Moon’s Declination, South of the Equator. 


To Find the Longitude from the Moon’s Observed Declination. 


D’s Mer. Pass. N. A. July 6th........ 6h 42m 30s M. T. of Pass. at Ship 6h 51m 80s ) ’sSem.15/ 59” H.P. 58/39” 
Say as 360° is to 50m sois L. 64° 56’W. to 9 O Lon.64°.56’ WinT. 4 19 44 Cor.G.D. 2 Cor, 14 . 
Mean Time of Pass. Mer. at Ship ..... 6h 51m 30s Gr. Date, July 6th, 11h 11m 14s 15’ 57” 58/25" 
Equa. of Time. ..... 2.0.02. eee. Sub. 4 23 Augment.. . 11 

Bopeiinic AU OID (S. crsestewss ss ts 6h47m 7s Cor. Eq. of Time.. 4m 238s Augm. Semi.16' 8” 

Obs. Alt. } ’s Lower Limb.. 41° 21’ 10” 3's Obs. Alt... 67° 52°15" )’s True Alt............ 42° 15’ 50” 
D’s Augm. Semid...... Add 16 8 Dip 4' 8” R.24"=— 4 32 e's TruepAlt). oe's. ws sce. 67 47 438 
Central Altitude ........- . 41° 37' 18" 3s True Alt. 67° 47’ 43’ Diff. of Altitudes ...... os. 25° 81% 538" 
Dip of the Hor. 18 feet...... 4 8 *’s Dec. N. A., July 6th... 19 57 48 N 
Pei amOe Altes AN ia: 41° 33' 10" App. Alt. Log. Sec.0.1259 ) ’sa@bs. Declination...... 5° 34° 10"S 


Corr. for Par. in Alt....Add 43 43 H.P.58/ 25" Pro.Log.0.4887 ) ’sDee.N. A. July 6th, 11h.5 31 56 


42° 16’ 53’ )’s 0.48’ 43” Pro.Log. 0.6146 Diff. of Obs. and preced. Dec. 0° 2’ 14” 
Refraction in Alt....... Sub. Ped 


Moon’s True Altitude...... 42° 15' 50” )’s Dec. N. Al. July 6th, 11h 5° 31’ 56” 
. do. at 12h 5 44 138 
Say as 12’ 17’ is to Ih so is 2’ 14” to a portion of Time, Diff. of Dee. in 1 hour...... 0°°19.17"" 
Diff. Declination... 12'17....Pro. Log..... 1.1660 Time of the preceding Declination.... 11h Om 0s 
MERC De ee a 8.8340 Portion of Time to be added......... 10 54 
EO DOUT . » 5 sig cack bib oie Ste ane Pro, Log..... 0.4771 Greenwich Mean Time.............. 11h 10m 54s 
BU DE DCG Sate ons he nee) > ol Pro, Log..... 1.9063 Moeamebime at Ship... «.ssacs evnaess 5 ae ak A, 
Portion of Time 10m 54s ...... Pro. Log..... 1.2174 Longitude in .......0- 64° 51' 0” W.=4h 19m 24s 


Degree of Dependence. 


Although the Altitudes are required to be taken with much precision, to insure a tolerable degree of accuracy by 
this method, still as the errors in the Observation are not multiplied in the computation, it may be used with advan- 
tage in fine serene weather, when the Sea is smooth, and the Dip of the Horizon is correctly ascertained, by those 
persons who may not have had practice in the Lunar method. In this case an error of 10’’ in computing the Moon’s 
Declination, will produce an error of 13’ in the Longitude deduced therefrom ; and an error of 1’ in the Declination 
will produce an error of 1° 13’ in the Longitude. This method is therefore most suitable for High Latitudes, where 
the degrees of Longitude are small, and where the actual error in space (that is, Departure) would be small in pro- 
portion. It is, however, much inferior to the Lunar method as regards accuracy ; but the Observation may be useful 
to those who ean take Altitudes accurately enough, but who make sad work at measuring a Lunar Distance 
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METHOD OF KEEPING A SHIP'S RECKONING AT SEA; 


AND THE MANNER OF WRITING DOWN THE SAME IN A LOG BOOK OR JOURNAL 


Description of the Log Slate or Board. 


This is ruled in the following form, so as to contain an exact account of the Ship’s progress during the 
24 hours of a Sea Day, and which commences at Noon. that is, when the Sun is on the Meridian of the 
Ship. The hours are counted to 12 at Midnight, and called the hours P. M. They are then reckoned 
over again in the same manner, until the following Noon, and called the hours A. M. 


Mode of Reckoning Time. ey 


The Sea Day begins 12 hours before the Civil Day, and 24 hours before the Astronomical Day. So 


that the end of the Sea Day, the beginning of the Astronomical Day, and the Middle or Noon of the Civil 
Day, takes place at the same period of time. 

This mode of reckoning arises from the custom of seamen dating their Day’s Work for the preceding 24 
hours the same as the Civil Day, so that occurrences which happen, for instance, on Tuesday the 10th in 
the afternoon, are entered in the Log marked Wednesday the 11th, P. M., and occurrences which happen 
on the following morning of the Sea Day, are entered in the Log marked A. M., and which also corres- 
ponds to the same hours of the Civil Day 


What the Log Board should Contain. 


The Log Board should contain a register of the Courses, Distances, Leeway, and the direction of the Wind, 
tacking or wearing Ship, making or shortening Sail, and other matters of importance connected with the Ship’s 
way; and it is the duty of the officer of the Watch to mark the same regularly on the Log Slate (which is 
generally hung up in the Steerage for that purpose) at the expiration of each Watch, so that the Ship’s 
progress may be ascertained at any given hour of the day. 

When lend is in sight, the bearing and estimated distance of the most prominent objects, and the time at 
which the bearing was taken, musfbe inserted, as also the particulars of speaking vessels at Sea, and any 
other memoranda intended to be imserted in the Log Book, as a guard against a slip of the memory. 


Ruling of the Log Board. 


The Log Board is ruled to contain seven columns ; the first contains the hours from Noon to Noon, being 
marked for every hour, similar to a Civil Day; (or sometimes it is marked for every two hours,) in the 
second and third columns are inserted the rate of sailing by Log per hour, set against the hour when the 
Log was hove ; the fourth column contains the Courses steered by Compass; the fifth, the direction of the 
Wind ; the sixth, the Leeway: and the seventh contains the transactions, remarks on the weather, and 
other memoranda. 


Setting the Watch at Sea. 


When a Ship leaves a Port outward bound, the crew are divided into two Watches, termed the 
Starboard and Larboard Watches, and who do duty 4 hours alternately, except between 4 and 8 o’elock in 
the evening, when each Watch does duty 2 hours only. These are called the Dog Watches, and are for the 
purpose of changing the Night Watches, so that the same party will not be on duty at the same interval of 
time on two following nights; and it is the custom or rule for the Second Officer, who keeps the Captain’s, 
or Starboard Watch, to take the first Watch, (which is from 8 o’clock in the evening until midnight.) on 
leaving Port outward bound ; and the First Officer, who keeps the Iarboard Watch. to take the first Wateb 
on leaving Port, homeward bound. 
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THE LOG BOARD. 


*) 
COURSES. WINDS. LW, REMARKS, TUESDAY, APRIL Ist, 1854. 


S. E. 5 ee | P.M. Smart breezes and cloudy weather. 
us Set studding-sails, low and aloft. 
«“ “ Stowed the anchors. Unbent and stowed the chain cables in the 
lockers. 
Passed several vessels bound to the Westward. 
At 6h, very squally. In top-gallant-studding-sails, royals and fly- 
“ «“ ing-jib. 
At 8h, wind hauled to the Southward, with heavy rain. Took in 
“ S. S. W. all the studding-sails and braced up sharp. 


a 


ee 


fs “ Weather gloomy and threatening. 
« «“ At Midnight, in top-gallant-sails, and the first reefs of the topsails. 


At2A.M. double-reefed the topsails. Strong gale and cloudy 
weather. 


At 4h, sent down the royal yards, and made all snug aloft. 


At 6h, strong gale and a high sea running. Vessel shipping much 


N. E. BS. sc. 14. water on deck. 
of ‘ At 8h, tacked ship to the Southward; more moderate weather; 
South. ESm i192 out double-reefs and set top-gallint-sails. 
. ¢ Spoke the ship Asia, from Manilla to New York, out 85 days ; 
4 ‘; all well. 


= ral 


Noon. Fresh gale and clondy. Sun obscured. 


Barom, 2920, Ther. 76° Magnetic variation 14 points Westerly. 


The above form of ruling for every hour is the most accurate mode, though sometimes another form 1s 
used, and marked for every two hours, but which is lable to cause considerable error in the reckoning, 
in having to double the knots marked opposite the hours, thereby doubling the error in the distance sailed. 
Besides, it is inconvenient for inserting the Course, when it is changed between the hours so marked. 

On proceeding to work a Day’s Work, the Courses by Compass are taken from the Log Board, and cor- 
rected for the Variation of the Compass and for Leeway, when she makes any. This gives the Course 
made ssood between the hours marked on the Board. 

Cross off the distance below the hour at which the Course was changed, (as in the form above,) sum up 
the fathoms, which divide by 10*, the quotient is knots, and the remainder, if above 5, call 1 knot more, 
but if less than 5, throw it away; carry the quotient to the column of knots, and their sum, contained 
between the hours corresponding to the Course, will be the distance run on that Course. 


To Correct the Courses for Variation. 
RULE. 


Whenthe WataGoutss Westerly, allow it to the Left hand of the Course steered. 
oo Easterly, allow it to the Right hand of the Course steered. 


To Correct the Courses for Leewaift 
RULE. 


while Starboard Tack, allow it to the Left hand of the Compass Course. 
Whee ane itp lason, Wig Port Tack, allow it to the Right hand of the Compass Course. 


EXAMPLE 


Of Correcting the Courses and Finding the Distance. 


COMPASS COURSE STEERED. VARIA. |L. WAY. ND. ON WHICH TACK. COURSE MADE GOOD. |DISTANCE, 


S. E. from Noon to Midnight. |14 pt. W. = ee Wind free. 
E. by S. from Mid. to 2 A. M. | “ “ Starboard Tack, 
East from 2hto4 “ ; 
KON. Ei) 4hto' 6 * 
ic. Baa 6h to. see 
South “ 8h to Noon. 


* Or, consider the Sum to be tenths ofa mile, note the unit, and carry the tens to the next column, in the same man- 
ner as the Sums taken from Tables I and II. 
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Finding the Variation of the Compass 


The Vartation of the Compass may be found by an Amplitude, (see page 116,) or by an Azimuth, ‘see 
page 118.) It may also be found by inspecting the Chart, or by the Variation Table. The Magnetic 
Variation is there laid down from actual Observation. (See Remarks, page 120.) 


Allowing for Leeway. 


Leeway is the effect of the lateral pressure of the Wind and Waves in forcing a vessel out of the Course 
she is endeavoring to make when close-hauled, and it is the angle contained between her wake and the 
point of the Compass right astern. It may be ascertained after heaving the Log, and before the line is 
drawn in, by bringing it over a Half-Compass, constructed for that purpose, on the Taffrail, the diameter of 
which being at right angles to the Ship’s keel, then the angle between the centre point, and the point or 
half point over which the line lies, will contain the number of points of Leeway the vessel is then makjng, 
providing she has been steered steadily during the time of trial. When a Ship is laying to, the middle 
point between what she comes up to, and falls off, is taken as the direction of her head by Compass. The 
Leeway is then estimated from the angle of her wake, as before. 

As the correctitess of the Reckoning in a great measure depends upon a proper allowance for Leeway, 
the officer of the Watch should be particular in marking it on the Log Board, or else in reckoning up the 
day’s work, it will be found difficult for a person who has not been on deck the whole time to make a 
proper allowance. 


Correcting the Course for Leeway and Variation. 


In correcting the Courses for Variation and Leeway, imagine yourself to be in the centre of the Compass 
and looking towards that point which represents the Course steered. : 


EXAMPLES 


Of Correcting the Courses Steered for the Effect of Leeway and Variation. 


| 
COURSES STEERED. YDS. ON WHICH TACK, LEEWAY. VARIATION. COURSES MADE GOOD. 


E. N. E. Ws Wind free. i pts. W. 
W. by 38. .W.by N.| Starboard Tack. 0 
N. W. by N. : v NN, do, 
South. .S. E. Port Tack. 
N. W. Be Wi do. 
Ss. S. W. vai do. 
E. by N. ‘ ' do. 
West. _N. W. Starboard Tack. 


In the above Examples, 6 points of an Angle is allowed between the Ship’s head and the point from 
which the wind blows, this being as near as a square-rigged vessel will lie to the wind when close-hauled 
in smooth water; but in blowing weather at Sea, it is the practice to round in the weather-braces, so that 
the Ship’s head. though still close-hauled, is about 7 points from the wind, or as it is termed by seamen, 
on a Western Ocean bowling, the object being to make greater speed and less Leeway. 

Fore-and-aft vessels generally lie within from 4 to 5 points of the wind, that is, a point or two higher or 
nearer the wind than square-rigged vessels do. 

‘In allowing for Leeway and Variation, when they both go the same way, it may be done at once by 
allowing their Sum; or when in different ways, take their Difference and allow it the same way as that of 
the greater of the two, whether it be Variation or Leeway. 

And the learner should keep the figure of the Compass-card in view while making these allowances, 
which will be found to greatly assist the memory. 


Allowing for the Heave of the Sea. 


A Ship is supposed to make Leeway only when she is close-hauled and a rough sea on. But it some- 
times happens when the wind is free, a heavy beam-sea may be running, which has the effect of heaving 
her to leeward of the Course steered. This allowance is called the Heave of the Sea, and will rarely 
exceed + point ; because, although the waves appear to have a rolling motion, it is only the crest of the 
wave which advances, the great body of the water remaining stationary, rising and falling with a motion 
similar to the shaking of a sail. ; 

And the greater the speed of the vessel the less will be the effect of the waves; on the other hand, the 
less the speed of the vessel the greater will be the effect of the waves in any given distance sailed ; because 
the fast-sailing vessel will cross any given space in a shorter time than the slow one, and will be subjected 
to fewer buffetings. 


So that the allowance for the Heave of the Sea must rest entirely on the judgment of the Navigator 
keeping in view the various circumstances of the case. 


On allowing for Currents, (see page 29,) and for a description of the Log-Line, Log-Glass, and manner 
of using the same, (see page 6.) 
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Allowing For Currents. 


Having thus found the Courses made good and the Distance Sailed by the Log, they are entered in the 
traverse Table, together with the True Set of the Current as a Course, and its Drift as a Distance, when 
the Current is actually known to exist, otherwise much caution is required. (See Remarks at page 29.) 


Remarks on the First Day’s Work after Leaving the Land. 


If a departure has been taken from the Land, the Variation must be allowed on the Bearing by 
Compass, and the opposite point entered into the Traverse Table as a Course, and the estimated distance off 
Shore as a Distance, (see page 31) the Difference of Latitude and Departure made good is then found by a 
case of Traverse Sailing; then the Difference of Latitude made applied to the Latitude left, (or in the case 
of taking a departure from the Land applied to the Latitude of that place,) will give the Latitude of the 
Ship. Then with the middle Latitude as a Course, found in Table II, and the Departure made good taken 
in the Latitude column, the Difference of Longitude corresponding will be found in the Distance column. 
This applied to the Longitude left, at the preceding Noon, (or in the case of taking a Departure from the 
Land, applied to the Longitude of that place,) will give the Longitude of the Ship. 


Cause of the Errors in the Dead Reckoning. 


The Latitude and Longitude thus calculated at Noon is called by Scamen the Dead Reckoning, and it is 
well named, for it frequently happens that it is dead enough as regards the Ship’s true position. This is 
caused by many circumstances, such as bad steerage, local attraction acting on the Steering Compass, (for 
Remarks see page 120,) unknown currents, false distance given by the Log in squally weather, errors in the 
Log-Line and Log-Glass, and improper allowances for Leeway and Variation. 


Ascertaining the Cause of the Error in the Dead Reckoning. 


When the diserepancy is great between the Ship’s position by Dead Reckoning and that by Observation, a 
careful Navigator will investigate the matter, and endeavor to, ascertain the cause. If the Log-Line and 
Glass have been found correct, (see page 6) examine the Steering Compass and see that it is free from Local 
attraction, and if the Ship hag been steered her proper course, and the Log has given her proper Distance 
run, then the discrepancy ma¥ be set down as the effect of a Current, the direction and drift of which may 
be found by the rules given at page 29, Case Ist, and in that case it may be allowed for in the next day’s 
work, as a Course and Distance Sailed, or, it may be counteracted by altering the Ship’s course. (See 
method of doing so, page 30, Case 3d.) 


Allowing for Bad Steerage. 


When a Ship is seudding in a Gale of wind some Navigators are in the habit of allowing for the heave 
of the sea, in forcing the vessel, as they imagine, ahead of the distance run by Log. This allowance is 
of very doubtful utility. In fact, I have always found it the reverse, especially in a badly steered or bad 
steering Ship, because on account of her yawing about she must necessarily waste a considerable portion 
of her Distance run, and the Log will be found to give the Distance run in excess of the actual place of 
the Ship by observation, and it is usual in some cases to deduct 1 mile in 10 for bad steerage. 


Heaving the Log in Steam Vessels. 


In Steam Vessels the Log is found to give too much Distance. This is easily accounted for, and caused 
by the action of the paddle-wheels driving the water astern. The Log in this case should be hove from 
the paddle-boxes, outside of the influence of this current of water. 


The Use of Keeping the Dead Reckoning. 


Nevertheless, the Dead Reckoning even under all these disadvatages should not be neglected, as it some- 
times is the only mode we have of detecting any very gross error made in deducing the Ship’s position 
from Astronomical observations and in the detection of Currents, and other matters. 


When the Dead Reckoning is Proved to be Erroneous, to take a Fresh Departure. 


When the Longitude by Dead Reckoning is proved to have been erroneous from the Sight of Land or by the 
Chron., the error and rate of which has been recently found, or by Lunar Distances observed on both sides 
of the Moon, it can answer no useful purpose in carrying it on, and a fresh Departure and Longitude should 
be adopted and then carried on as before. 


Practice of some Navigators Regarding Dead Reckoning. 


Some Navigators carry the Longitude by Dead Reckoning on from day to day only, as a means of com: 
paring it with the Longitude made by Chronometer. Others again never keep any Dead Reckoning at all, 
trusting entirely upon the Latitude observed and the Longitude by Chronometer. 


Practice of Keeping the Reckoning in Fast Sailing Ships. 


In fast sailing Ships the Distance run is generally estimated, and the Log seldom or ever hove, and as 
those Ships generally steer well, their Course steered can be depended upon; and when the Difference of Lat, 
is obtained from observation, the Distance run and the Departure made good, can also be obtained by a 
case in Plane Sailing, and more correct than if the Distance had been measured in the usual manner by 
the Log. (See the following rules for working Day’s works.) 
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METHOD OF KEEPING THE SHIP’S RECKONING AT SEA. 


RULES FOR WORKING A DAY’S WORK. 


The following rules have been collected with the view of simplifing the matter, and placed so as they 
can be conveniently referred to by the learner. 


Correcting the Courses Sazled. 


1. Correct each Course sailed for Variation and Lee-way by the rules (page 182) already given ; enter 
them in the Traverse Table and set against each the Distance run on that Course. If the Ship is in a 
Current, the Set and Drift of which is known, allow the Variation on its set, and enter it in the Traverse 
Table as a Course and-Distance, but if its Set and Drift is uncertain, it is better to leave it out altogether ; 
also if the ship has taken a Departure from the Land, correct the Bearing by Compass for Variation, and 
enter the Table with the Opposite Point as a Course, and the estimated Distance off as a Distance. ~ 


Finding the Course Made Good. 


9. Find the Difference of Latitude and Departure made good, with which enter Table IJ, and find the 
Course and Distance made good, by seeking in its columns until they are found to agree, opposite to which 
will be found the Distance in its column; and if the Departure be greater than the Difference of Latitude, the 
Course is taken from the bottom of the Table, but if the departure be less than the Difference of Lati- 
tude, the Course must be taken from the top of the Table. 


Finding the Latitude In. 


3. If the Latitude of the place from which the Ship’s Departure has been taken, or yesterday’s Latitude, 
and the Difference of Latitude made be both North or both South, their Sum will be the Latitude in of that 
name: but if the Difference of Latitude be of a contrary name to the Latitude left, their Difference will be 
the Latitude in, of the same name as the greater of the two. 


Finding the Difference of Longitude. 


4. Add together the Latitude observed yesterday and the Latitude in to-day, and take their Half Sum for 
the middle Latitude, then with this middle Latitude (taking the nearest Degree) enter Table II, and seek 
for the Departure made good in the Latitude column, and the Sum standing Bposite in the Distance column 
will be the Difference of Longitude made, which divided by 60 will give Degrees and Minutes, and mark it 
of the same name as the Departure. 


Finding the Longitude In. 


5. If the Longitude of the place from which the Ship’s Departure has been taken, or yesterday’s Longi- 
tude, and the Difference of Longitude made be both East or both West, their Sum will be the Longitude 
in, of that name; but if the Difference of Longitude be of a contrary name to the Longitude left, their Dif- 
ference will be the Longitude in of the same name as the greater of the two; but when their Sum exceeds 
180° the Ship has crossed the opposite Meridian to Greenwich ; in that case Subtract it from 360°, the remain- 
der will be the Longitude in, and of a different name to the first. 


Mode of Working the Day's Work when the Distance run is Unknown. 


6. When the Distance run is uncertain or even altogether unknown, take the Difference of the observed 
Latitudes, and the Course made good, with which enter Tables I or II, as usual, and seek for the ob 
served Difference of Latitude in its column, and opposite to which will be found the corresponding Distaner 
run and the Departure. Then proceed as before by rule No. 4, to find the Longitude in by Dead Reckoning 


General Remarks on Keeping a Ship’s Reckoning, Currents, &c. 


If the Latitude yesterday has been observed, the Difference of Latitude made is usually applied to it, 
the room of the Latitude by Dead Reckoning, and it is called the Latitude in by Dead Reckoning at Noq 
to-day. Then if it agrees with the Latitude in by observation to-day, the reckoning is said to be just, but 
it do not so agree the Ship is said to be the amount of the Difference to the Northward or to the Southward a 
the Dead Reckoning. In like manner, if the Longitude by Chronometer or Lunar observation has heen ob 
served and brought up to Noon yesterday, and the Difference of Longitude made by Dead Reckoning being 
applied to it, then if it agrees with similar observations for Longitude to-day, brought up to Noon, <ke 
reckoning is said to be just, but if they do not so agree then the Ship is said to be the amount of the Daf- 
ference to the Eastward or Westward of the Dead Reckoning on this day’s work. 3 

The errors of the Latitude and Longitude so found, furnish the means of Detecting the Set and Drift of 
the Current (always providing that the Course and Distance Sailed are correctly given,) by taking the Mid. 
Latitude ag a Course, and the Error of the Longitude in the Distance column; then in the Latitude column 
will stand the Departure, with the Departure and the Error in the Latitude find the Course and Distance, 
and which will be the true Set and Drift of the Current, or in. that direction in which the Ship is founa w 
be by observation, when compared with her place as given by the Dead Reckoning. 


The Dead Reckoning should not be Altered on Slight Grounds. 


The Difference of Longitude made by Dead Reckoning being applied daily to the Long. in by Dead Reckon- 
ing is carried on from the commencement of taking a Departure, independent of that by observation, and 
should not be altered on slight grounds, because the rate of the Chron. may change or the Lunar Distance 
may be in Error, and the Dead Reckoning may thus be the means of detecting it ; but when the Dead Reckon- 
ing has been found to be decidedly in Error, then a fresh Departure must be taken. 
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THE DAY’S WORK. 


EXAMPLE 1. 


At1P.M.,, took our Departure from Neversink Light-Houses, bearing by Oompass W. N. W., distant 9 miles, and 
have sailed until Noon this day as per Log; the Variation of the Compass being } a point Westerly, and the Sun’s 
Meridian Altitude observed was 66° 30’ South. Required the Latitude in by Observation, the Latitude and Longi- 
tude by Dead Reckoning, and the Bearing and Distance of Wreck Hill, in the Island of Bermuda, at Noon. 


COURSES. WINDS. REMARKS ON BOARD, MONDAY, MAY Ist, 1854. 
West. At 1 P.M. Neversink Light-Houses bore W.N. W. 9 miles, in Lati- 
“ tude 40° 24’ N., Long. 78° 59’ W., from which I take my Dep. 
: Set the starboard studding-sails low and aloft. 
Steady breeze and fine pleasant weather. 
Stowed the anchors and secured the boats. 


At 8h, squally-like in the South. 
At 9h, wind hauled more to the Southward. In all the studding- 
sails and braced the yards up. 


Sat, 
S. W. by S. 
S.S. W. 


Midnight. Squally. Handed the light sails. 

At 2 A. M. in top-gallant-sails and first reefs of the topsails. 

S.E. by E.! S. by W. : 
4 s At 4h, blowing fresh and a head sea. 

Sun’s Magnetic Bearing at rising was observed to be E, 14° 18’ N., 


E. S. E. 
- which gives the Magnetic Variation 5°, or about 4 pt Westerly. 


South. 
East. 8. 8S. E. 
% 3 At 8h, tacked ship to the Southward and set top-gallant-sails ; 
weather more moderate and clear. 
At 10h, many vessels in company. Spoke the ship Jacob Bell, from 
Boston to Australia. 
Noon. do. weather. Lat. Obs. 38° 25’ N. Varia. 4 pt. Westerly. 


South. E. S. E. 


TARMAAMNAMAMW SWIMS 


8. E. E.N. E. 


To Find the Variation. 


TRAVERSE TABLE. DIF, OF LAT. DEPARTURE, Lat. by D. Reck. at Sunrise about 384° N., and Sun’s 
oh ea he Declination 15° N.,in Table XX XV, gives the true 
COURSES. ito ote S. E. w. Amplitude. 5:; [Giving ens sak ee KE. 19° 18’ N, 
So peat he ica ——| Magnetic Amplitude at Rising ......... E.14 18 N. 
E. by 8. 48. 9 2 ; at. ze elas 9 
SEES. 110 85 -0| 69 “8 Mipuctic’ V ariation*> ee... ss oe taiees oe sD NOW: 
S. E. 3 E. 14 pared ee To Find the Latitude by Observation. 
E. S. E. 12 1 G9 Sun’s Mer. Altitude Observed............ 66° 30’ S, 
. E78. - Ht Correction, Table-T2e Wen. tance ed cine 4 - 12 
N.E. by E. 4 E 10 4-7 eeee 8 8 : = 7 
S. by W. 13 1S Pye ye ogg! arue Altitude. Sncga maetad Uae damnnes so 66° 42 
8. E.45. 14 o coa»|e LOMZBi ee SAO) iss (|. Zenith Distances saveuee De istilat sacs wraaatore 23° 18’ N. 
l 4-7 1195 “71128 -0| 2-6 | Sun’sCorrect Declination................ 16) TON: 
A TP 20 Latitude Observed=saapiiets ee ss avi sus 38° 25’ N. 
SePORIE Ss ccc ance o 00's . 60)121 -0 126 -4of EKas’g. 
Diff. of Latitude made .... pea 
Lat. of Neversink L. Houses Masala. N. Course ees etal 5 46° E 
Lat. in by D. Reckoning ... 38° 23° N. Dista@ncer.iesee.ceks oss 175 
Sum of the Latitude...... 78° 477’ Diff. Latitude.......... 1218. 
: “"aaoneal Deters SSS aes ig oe 126 E 
Half Sum, or Mid. Lat..... 39° 28’ taken as a Co., Pp . 
and the Dep., 126 °4, in the Lat. column, and in the PPR id D. re tee “: 23° . 
Dist. Col. stands the Diff. Lon. 163’ E— 2° 48’ E. Re ee ibe 
Long. of Neversink Light-Houses......... 73°69: oW. lk aMUS HBOS ix + ateitis ae . 
: —————— ong. by D. Reck...... 71 16 W. 
Long. of the Ship by D. Reck. ........... Ls AG aay: 


Difference of Latitude 121, and Departure 126, made 
good, found together in the Traverse Table, gives the 
Course made good 8. 46° E., and the Distance made 
good 175 miles. 


Bearing of Bermuda S. 41° E, or S. E.} S, nearly 


(True.) Distance 484 miles. 


To Find the Bearing and Distance of Bermuda. 


Lat. of the Ship by Observation.. 38° 25’ N. Long. 71° 16’ W. Middle Lat. 35°, and half the Diff. Long., 193, in 


Lat. of Wreck Hill, Bermuda.... 32 19 


Long. 64 50 W, 


the Dist. col. gives half the Dep., 158, in the 


: . es ol ° oR! Lat. col. Then half the Diff. Lat., 183, and Dep. 

a 0..6. 2 6° 26 q a ? Pp. ? 

Lon i le A = 60 158, gives the True Course S. 41° E,, and half 

cee ee eee ———, .. ———— the Dist. 242, which doubled gives the True 
Middle Latitude ............0.. 85° 22’ Dif. Lon. 386 Dishandn dealin: 
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THE DAY’S WORK. 
EXAMPLE 2. 


A Ship from Latitude 85° 42’ N. by Observation, and Longitude 51° 2’ West by Chronometer, yesterday at Noon, 
has sailed until Noon this day as per Log. The Sun’s observed Altitude in the morning was 10° 23’, the Green- 
wich Time by Chronometer 11h 0m 2s, or March 5th, 23h Om 2s, and the Sun’s Meridian Altitude was 45° 32’ 8. 
Required the Latitude and Longitude in, both by Dead Reckoning and Observation, and the Set and Drift of the 


Current. 
In this Example the Fractional parts of the Knots are marked as 1 half knot. 


kK. |H.K.| COURSES. WINDS. ia Ww. TRANSACTIONS ON BOARD, MONDAY, Ma&TH 6TH, 1854. 


1U N.W.by NJ | East. P. M. Strong gale and squally, with hail ang sleet. Vessel shipping 
10 7" x much water on deck. Pumps carefully attended. 


i) 1 ‘- At 3h, more moderate and clear weather. 
10 “ At 4h, out double reefs are set top-gallant-sails. 
10 “ es Signalized the ship Washington. from New York to Liverpool, out 
10 r : 10 days. 
fi cd * ‘] Observed the Sun to set per Compass W. 4° N., which gives the 
as fas | ‘ x Magnetic Variation 11° 30’, or 1 point Westerly. 
10 “ “ 
Gin, 1 e 2 At 10h, passing squalls, with showers of hail. 
9 “ 6“ 
ys igh | Summary. Midnight. Gale moderating. Out all reefs and set the starboare 
9 | 1 | Course.) aes NOW. foretopmast-studding-sail. 
10 Distance ..... 231 
10 Diff. Lat...... 1638 N. 
9] 1] Departure... 163 W. At 4 A. M. set top-gallant and lower studding-sails, royals, and fly- 
9 Lat. D. R.. 88° 25’ N. ing-jib. 
8 1 | Lat. Obs... 88 40 N. ( 
9 Diff. Long... 3 24 W. At Th; Longitude in by Chronometer 54° 1’ 80” W. 
10 Long. D. R. 54 26 W. gg 
10 Lon. Chr. 54° 46’ 30/7 W. Unstowed the anchors and bent the cables. 
10 Barom. 30. Therm. 42° Carpenter employed fixing the windlass. 
10 Current N. 47° W.rate Fresh breezes and clear weather. Variation 1 point Westerly. 
j.i2 | 10 of 1 knt. an hour, nearly. | Noon. Cape Sable, N.S., bore N. W.3N. True, Distance 750 miles. j 


The Ship has been running on aN. W. by N. Course 
the whole 24 hours. The variation of 1 point allowed to To Find the Magnetic Variation. 


the left, gives the True Course N. W. The knots being | pig Lat. made to Sunset 0° 49’ N 
summed up gives 227 miles, and the 8 half knots, equal} 7 stitude at Noon................... 35 42 N 
to 4 whole ones, this added to 227 gives the whole Dis- ; eat, Le tae oe eee Peas —— a 
tance 234 Latitude at Sunset ............. ... 86° 24’ and the 


it i | 9 : ees Sun’s Declination corrected, 5° 54’ South, found in Table 
True Course N.4 pts. W. 231, gives D. L. 123 Dep. 163 XXXV, gives the Sun’s True Amplitude, W. 7° 80’ & 


Dittstatitude mades. «. 0.0 salisnen 2° 43’ N, Macnatin Gearie ab Une Wee ee 
ee : = 2 g at Sunset... 2..4...; : N 

Lat. Observed yesterday .... .... 35 42 N. Magnetic Vari ih Thales! ee 11° 30’ W 

Lat. by D. Reckon. to-day ........ 38° 25' N. 

Bhute ewas Lateae ay eee ee re FS 

Middle Latitude, 2.5.5 ssiesllen'e isi ~ 37° 8! taken as a Sights for Chronometer having been taken in the morn- 


Course, and the Dep. 163, in the Lat. column, the | ing about 7 o’clock, the necessary corrections are made, 
Diff. of Longitude is found in the Distance column | (see Example Ist, page 140,) and the Meridian Altitude 
to: bev2Otn yk edhe al ities « 3°°24' W. having been observed, the Latitude in is found to be 38° 
Long. by Chron. yesterday ....... 51d We 40’. This Latitude is then reduced back to the time the 
Long. by D. R. since yesterday.... 54° 26’ W. Sights were taken, and the Longitude by Chronometer 
found, which is then brought up to Noon by the Dead 
To Find the Set of the Current. Reckoning, and in this case is 54° 46’ 30’ W. (Zhis will 
Lat. Obs. 88° 40’ N. Long. by Chron, 54° 46’ 30 W.| be found worked out at page 140.) 
Lat. D. R. 38 25 N. Long. by DR. 54 26 0 W. 
rar ' hte wae 7 i? 
re - pe 15 Error in Long. 0° 20’ 80 Now, as there is a considerable difference between the 
_ With Latitude 37° as a Course, and Difference of Lon-| place of the Ship by Dead Reckoning and that by Ob- 
gitude 20’ 30’’, in the Dist. column, opposite to which, | servation, and supposing the Course and Distance run to 
in the Lat. column, stands the Dep., 16’. Then with Diff.| have been correct, we now proceed to find the Set and 
of Lat. 15, and Dep. 16, the Set of the Current is found| Drift of the Current, . 
to have been N.47° W. (true) and its Drift 22 miles. 


- 


Again: Suppose that the Course steered could be depended on, and the Distance run uncertain: The Latitude 
observed yesterday was-35° 42’ N., and to-day 38° 40’, the Difference of Latitude between the Observations being 
178 miles. Then, with the Course N. W., and the True Difference of Latitude 178, the True Distance run is found 
to be 252 miles, and the Departure 178, The Middle Latitude 37°, taken again as a Course, and the Departure 
178, in the Latitude column, gives the correct Difference of Longitude, made 223, in the Distance. column, or 8° 43’ 
This, added to the Longitude in yesterday, 51° 2’ W., gives the Longitude in by Dead Reckoning to-day 54° 45’, and 
which agrees with that given by Chronometer, nearly. ee ee 
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THE DAY’S WORK. 
EXAMPLE 8. 


A Ship from Latitude 45° 50’ N. by observation, and Longitude by Chronometer 49° 34’ W. yesterday at Noon, 
has Sailea until Noon this day as per Log. An Altitude of the Sun in the Morning was observed to be 25° 8’, Time 
by Chronometer 12h 13m 21s, and which was Fast of Greenwich this day 5m 25s. ‘he Weather being Foggy at 
Noon the Meridian Altitude of the Sun was lost for the day, but an Altitude was obtained afterwards, and ob- 
seryed to be 42° 30’, the Time by Chronometer being 4h 14m 21s. Required the Ship’s position at Noon, both by 
Dead Reckoning and Observation, and the bearing and Distance of the nearest Land. ' 


L. W. REMARKS, WEDNESDAY, MARCH 1l5rH, 1854. 


4 | P.M. Steady breezes and fine pleasant weather, all sail set, close 
hauled. 


At 4h, Long. in by Chron. 50° 3’ 30’ W., and Magnetic Vari. as per 
Azimuth 28° or 2 points Westerly. 


At 'Th, Barom. falling rapidly to 29° 30’, Lee clouds appeared near, |. 
and of a threatening appearance. Took in all the small sails, 
and double-reefed the top-sails, reefed the coursers and stowed 
the jib and 8. M. Sail. 

Wind very unsteady and blowing in gusts. 

At Midnight came on to blow excessive hard, close-reefed the top- 
sails and handed the foresail, vessel laboring heavy and shipping 
much water on deck; pumps carefully attended to, 


At4 A.M. The wind flew round to the N. W.in a heavy rain 
squall, and the weather clearing up, made sail. 

At 6h, shook out the close-reefs and set the jib. 

At 7h, passed severai fishing vessels at anchor, 

At 8h, out double-reefs and set the topgallant-sails 

At 9h, sounded in 30 fathoms on the Grand Bank of Newfoundland ; 
Long. in by Chron. 49° 58’. 

Noon, Foggy weather, Sun obscure. 

Cape Race, N. W.4 W. True, or N.N. W. 3 W. by Compass 138 miles. 

Variation 2 points Westerly. 


As no Meridian Alt. has been observed to-day the Lat. must 
be found by the reduction to the Meridian of the Alt. Obs. near 
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S. W.4 W.| 54 “t Al’ 7 es 34'-3| Noon, either by the measured Interval of Time between the 
S. E.by E} 9 Ke 5 Opt 6 + Observations, which is 4h 1m, asin the 2d Example, given at 
EB. Ss Bah, 7 2:78 bc Gead page 97, (this being the same case worked out) gives Latitude 
E, by 8S.) 7 1416 9 44° 32’ N., or it may be found by the method given at page 94, 
Sie a 7 8 “ 1 6|_ that is, of deducing the Time at the Ship from the Greenwich 
S.S. W. |] 12 11 1 4 6} Time by Chron,, as follows : 
W.S. W.} 31 LL.oe 28 6 Time by Chron.... 4h 14m 21s Sun’s Obs. Alt. P.M. 42° 30° 
Dp. rat! 81 6 |90'6 169 L Chron. Fast....... 5 25 Corr. for Semid. ke. 11 
iff. tamale Leen 20 9 Green. T. by-Chron. 4h 8m 56s True Altitude..... 42° 41' 
Pistovtiay eg 45 50 N. Dep. “48 2W Long. 50° 42' in T.. 3 22 4B" Sun’s Dee Cor. to the 
ee 44° 98' N. ’ M.T. at Ship...... 0h46m 8s Green. Date...... ae 
Sum or )90° 18” tinpae. Jub ? oh ' 
apa SELL) Lisi? & atteats ATS ’ T. Past Noon.....387m 2s—Log. 7°813 
aD bie Bh ied Woe: a Ww Summary. Lat. 444° N.....Dee.2°S .. Log. 0.293 table, ih 
Lon. by Chro. yesterday Noon 49 34 W, Course.... 8. 30° W. 8106 Corr..... 0° 44 
Long. by D. BR, to-day. . 0° 4a’ Dist... 94 rite” BAMGANE. oss. a xine 10 nies0 Bite § Sie 
m3 tod ed Diff. Lat... ve = Meridian Altitude. .........48° 25'S. 
To Find the Course. — Bee: es 99’ N Zenith Distance...........+- 46° 35'N. 
The Dif. Lat. 81 6 and Dep. 48 2, gives at: Ghai, 44 ose Declinationisad. 0 aascewveees r 55. 
the Course made good 8. 31° W., and the pif Long. t--$-W. Lat.in at 87m past Noon...... 44° 30'S. 
Distance 94 miles. Long.D. R. 50 42 W. Co's & Dis. since NnW.S.W.5m D.L. 2 N. 
Lon. by Ch. 50 34 W. Lat in® at: Noon... Sait. weus 44° 32’ N, 


Barom.... 29 90 Ther. 38° 
Having the Correct Latitude at Noon we Proceed now to Find the Longitude in by Chronometer. 


The first Altitude observed was taken about 8h 38m in the Morning, or 3h 22m before Noon, and in that 
Interval the Ship had made a W. S. W. Course good, and Distance by Log. 27 miles; this will give the 
Diff. Latitude 10 and Departure 25; the Diff. Latitude 10 added to the Latitude at Noon, gives the Lati- 
tude in at time of the first Altitude 44° 42’ N. The Apparent Time at Ship is thence found to be 8h 38m 
54s, and the Mean Time 8h 48 0s, the Difference between which and the Greenwich Time by Chronometer 
12h 7m 56s, is 3h 19m 56s, or Longitude 49° 590” W. at the time of the Sights. The Departure 25 turned 
mto Longitude is 35’ 0’, which added to it gives the Longitude in at Noon 50° 34’ N. é 

The Longitude by D. R. is thegefore in Error 8’ or 32s of Time. The Time past Noon being Corrected 
is 37m 34s, the Correction for Altitude is 45’, and Lat. at Noon Corrected is 44° 31’ N. ‘ 
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FINDING THE LONGITUDE FROM THE OBSERVED ALTITUDES OF A BODY ON THE PRIME 
VERTICAL AT EQUAL DISTANCES IN TIME FROM THE MERIDIAN. 


On leaving any known Longitude take an Altitude of the Sun on the Prime Vertical, that is, when he 
bears True East or West, which can only be in the Summer time. But a Star can always be found on the 
Prime Vertical at any season of the year. Note or find the Apparent Time by Watch when the observation 
was made, say in the Morning, and find the Time before Noon, (which with the Sun is his Hour Angle.) 
Then observe another Altitude in the Afternoon, at the same time past Noon by the Watch. Now, if the 
Ship has not moved to the Eastward or Westward, that is, if she has made no Departure during the 
Interval, the Sun’s Altitude will be the same as in the Morning. But if the Altitudes do not agree, they 
the Difference is the number of miles of Departure the Ship has made to the Eastward or Westward. 

And in Sailing East the P. M. Altitude will be the greatest because the Ship is meeting the Sun, and in 
Sailing West the P. M. Altitude will be least because she is leavinghim. This Departure, so obtained, 
turned into Longitude by a case of Middle Latitude Sailing, furnishes the Difference of Longitude, which 
applied to the Longitude left will give the Longitude in. 

Or one Altitude can be observed on the Morning or Evening of one day, (having the Apparent Time from 
Noon of the observation), and exactly at the same time on the day following. The Difference between the 
Altitudes so observed is the Departure made good during the 24 hours, which turned into Longitude and ap- 
plied to the Longitude left from day to day, will furnish an excellent check on Gross Errors in the Dead 
Reckoning when there is no Chronometer on board. 

The daily Variation of the Equation of Time ought in strictness to be Added to the Time from Noon by 
Watch, at which the last Altitude should be observed, when the Equation is Decreasing, or Subtracted 
from it when Increasing; but as this quantity amounts to only a few seconds, it may be negiected. 

In the ease of observing Stars, 3m 56s should be Subtracted from the Time from Noon by Watch, at 
which the last Altitude should be observed, when P. M., or Added to it when A. M., because the Stars are 
that much before the Apparent Time by the Sun every day. 


EXAMPLE 1. 


June 10th, 1854. A Ship in Latitude 40° 0’ N., and Longitude 45° 0’ W., at 8h 2m A.M. observed the Suns 
Altitude to be 37° 24’, and then Sailed to the Westward, until 3h 58m P. M. by the same Watch, when the Sun’s 
Alt, was Obs. to be 36° 9’. Required the Dep. made, the Diff. of Long. and the Long. in at the Time of the last Alt. 


At 8h 2m A. M. Observed Altitude........... 87° 24' Departure 75m with Latitude 40°=D. Long...... )98 
At 8h 58m P. M. Observed Altitude..........-. 36 9 Difference of Longitude made.......++seee-e+- 1° 38" 
1; 15) Longitude Gait iiie. ... . + «aes aes aoe 45 0 
60 Longitude in............ oo leid a xkia lems ah lee a 46° 38’ 
Departure made good.... 75 at 8h 58m P. M 
EXAMPLE 2. 


March 30th, 1854. A Ship took her Departure from Latitude 40° 43’ N. and Longitude 74° W., at 5h 48m P. M.,, 
when the Sun's Altitude was observed to be 6° 6’, and then having Sailed to the Eastward about 255 miles, until the 
next Evening at 5h 42m by the same Watch, when the Sun’s observed Altitude was 10° 16’. Required the Depar- 
ture made, the Difference of Longitude, and the Longitude in. 


March 80th, at 5h 42m P. M. Observed Altitude. 6° 6’ Departure 250, Latitude 41°=D. Long.......... )332 
do. 81st, at 5h 42m P. M. Observed Altitude. 10 16 Difference of Longitude made..........++ee-- 5° 32" 
| 4°.10'’ Longitude sLeft iat’ oy". hae. os ole eee 74 0 
60 


~ Longitude in... .68° 28’ 


Departure made.... 250 


EXAMPLE 3. 
By the Stars. 

April 11th, 1854, A Ship in Latitude 30° 0’ N. and Longitude 65° 0’ W., at 7h 8m P. M. observed the Altitude of 
Aldebaran to be 33° 24’ bearing True West. She then Sailed to the Westward about 196 miles until the following 
Evening at 7h 4m 4s by the same Watch, when the Star’s Altitude was observed to be 30° 4’. Required the De- 
parture made, Difference of Longitude, and Longitude in. 

As the Star is in advance of App. T. 8m 56s it must be Sub. from the Time by Watch on the following Evening. 
April 11th, at Th 8m P. M. Star’s Obs, Altitude., 33° 24’ Departure 200, Latitude 30° 0’N., Diff of Long. )231 

do. 12th, at Th 4m 4s P. M.Star’s Obs, Alt.... 30 4 Difference of Longitude 2usag adhere is con 3° 61’ W. 
3° 20° Lonaitade “Left... ..:.. age epieme nisak onthe Metninia:h 65 O-W. 


OOS Longitude in... .68° 51’ W. 
Departure made.... 200 


NAVIGATING THE SHIP. 


In the preceding Days’ works are given the usual modes of finding the Ship’s position at Noon by the 
Dead Reckoning, and also the Latitude in at or near to Noon by the Sun’s Altitude, and the Longitude by 
Chronometer, and providing the Chronometer kept a steady rate, and that those observations could be ob- 
tained every day, nothing more would be required. 

But as the Sun is sometimes invisible for several days together it is evident that the Déad Reckoning may 
become very erroneous during that interval, and it becomes necessary as a measure of precaution when the 
weather is clear at Twilight to observe Altitudes of the Planets or Stars, for at any time during a clear 
‘night, Stars may be observed North and South, on or near the Meridian, (see page 110,) or the Moon either 
‘by Day or Night. (See pages 101 and 148.) The Latitude by observation and the Longitude by Chrona 
‘meter, (or by Lunar observations) may thence be obtained by any of these bodies in many cases as coy- 
rectly as by the Sun’s Altitude. * 7 ; 
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The Longitude by Chronometer may also be obtained at Sunrise or Sunset, (see page 146.) or at N oon, 
from equal ‘Altitudes of the Sun. (See page 147.) In the latter method no Logs. are required, and will be 
found useful in detecting any gross Error committed in working out the Time in the usual manner, but is 
best adapted for low Latitudes. (See Remarks, page 130.). 

When the Sun is seen through watery clouds, and his Limbs not visible,a tolerable observation for 
Latitude may be obtained by observing his centre, (see Diagram, page 68, No. 3, and an Example of find- 
ing the Latitude by this method at page 89.) 

“An Altitude of any of -the heavenly bodies having been obtained near the Meridian, the Latitude may 
be found by the Rules given in the body of this work, and although it may probably be a little in error if 
the Time be not exactly known, it is greatly more to be depended | upon than the Latitude by Dead Reckon- 
ing, however carefully it may have been kept. 

An Error of 1 point in a Ship’s Course produces an Error in the Dead Reckoning of about 20 miles for 
every 100 miles run, whether produced by Local Attraction, bad Sieerage, or a Current, and it is evident that 
in Ships of the present day, many of which are constructed to sail twice as fast as the old ones, that an 
Error in their Course steered will produce twice the Error in their Dead Reckoning in one day’s run, than 
would be the case in aslower sailing vessel ; and in that case it would require greater vigilance on the part 
of the commander of those vessels to ascertain their True Position as often as possible both by day and 
night, especially in the vicinity of Land or a danger. The following remarks may be found useful. 


On Commencing the Voyage, §c. 


The first and most importa matter is to examine the Binnacle and to see that no foreign articles, suc’ 
as iron, are deposited therein. and whether the steerage Compass is free from local attraction, (by the Rules 
given at page 120.) At the time of taking a Departure from the Land, if possible, a set of Altitudes of 
the Sun should be taken for Chronometer to find its Error on Gyeenwiel! Mean Time, (see page 155 ,) and 
always to use the same Sextant in observing Altitudes for rating the Chronometer. 

It is the common practice at Sea to observe a set of Altitudes of the Sun at about 8 or 9 o’clock in the 
Morning, and to make all the necessary corrections ready for use, as at page 140, and as soon as the Latitude 
is observed at Noon, the Latitude in at the time of the Sights can be deduced, and thence the Longitude by 
Chronometer. Or the Sights can be worked out at once, using the Latitude by Dead Reckoning from the 
preceding Noon; then if it appears there is an. Error in the Latitude by Dead Reckoning, the Longitude by 
Chronometer thus found may be corrected by Table XXX, (see pages 144 and 145,) which saves the labor 
and time of working it over again. In either case the Longitude in by Chronometer at the time of the 
Sights is brought up to Noon by the Dead Reckoning, and as before observed, if this could be done daily 
nothing more would be required for the safe navigation of a Ship on the open Sea, or in the fine serene 
weather in the Tropics; but when a Ship is approaching Land, or in high Latitudes, where uncertain 
weather prevails, the heavenly bodies are frequently obscured for several days together, it is necessary to 
take an Altitude of the first object that becomes visible, and to note the time by Chronometer; if ‘1s bearing 
is near the True North or South the Latitude may at once be found, (by any of the Rules which are appro- 
priated to the Object observed, and will be found in the body of this work,) and if the Altitude of another 
Object can be obtained at a sufficient Distance East or West of the Meridian, the Longitude by Chrono- | 
meter may be found. If the object be a Star and not known, see the method of finding the Stars at page 
136, or a Planet, at page 134, and as before observed, Twilight is the proper time to observe Altitudes of 
the Stars. An Altitude of the Sur or Moon also, taken at any time they are visible, and the time noted 
by the Chronometer, is an observation of great importance to a Ship in the vicinity of the Land, and by 
which either the Latitude or the Longitude may be obtained, many Examples of which will be found in 
this work, or the Ship’s postion may be determined by Sumner’s Method, an Example of which is given at 
page 152; but as some of the Altitudes may have been observed in stormy weather, when the horizon was 
ill defined, and used only because no better could be obtained, the Navigator will place that degree of 
dependence i in the result which the circumstances of the case would seem to warrant, and if doubtful they 
may be confirmed or rejected, as the case may be, by another observation made under more favorable cir- 
cumstances, or as in the case of finding the Latitude by the Stars N. and 8. and taking the Mean of the 
two Latitudes. The Longitude by Chronometer may also be found by the Altitudes of Stars E. and W., 
and the Mean of the two Longitudes taken as the true one. 

When Altitudes of the Sun have been taken in the Forenoon. as a reserve in case of losing the Meridian 
Altitude, that one should be used which is the nearest to the Meridian to find the Latitude by. and the one 
farthest from the Meridian to find the Longitude by Chronometer. And when the Meridian Altitude of the 
Sun has been observed the Latitude is usually deduced therefrom in preference to all the other observations 
for Latitude. 

When a Departure is taken from the Land, the Course is shaped on the Chart by the Rules given at page 
48, and which is the True Course. The aviation of the Compass being then allowed for as directed, will 
give the Compass Course required to steer ; the amount of this Variation i is generally given on all Charts, but 


it should be verified by observing the Variation with the Ship’s head in different directions. (Sce page 120.) > 


Verifying the Chronometer. 


When the Ship is passing near any Island or Headleémd, the position of which is ‘well known, by Sight- 
ing it and bringing it to bear true North or South at the time of taking a set of Altitudes, the ‘Sea Error 
and Rate of the Chronometer may be found. See the method of rating Chronometer at Sea, (page 155,) 
and Remarks on Chronometer (at page 79.) 

But if no land has been seen for many days It may be verified within certain limits by Lunar observa- 
tions taken East and West of the Moon, and usilg the Mean of the two Longitudes so found. (See page 162.) 


. 
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Indications of Stormy Weather. 


limits of the S. E. Trade 
cht of the Barometer should be frequently noted when on the Southern 
Wind, ni ns Northern limits of the N. E. Trade, or in high Latitudes, where stormy weather may 
expected. See Remarks on Hurricanes, (page 41,) and the uses of the Barometer and Thermometer 


pages 82 and 83.) 
Falling in with Icebergs. 


An Iceberg should always be passed to Windward, if possible, in the night time, because of the loose 
fragments which drift fa8ter than the body of the berg, and stream out to leeward of it, and which may 


seriously injure a vessel. 


Discovery of a Danger. 


When a Ship is going free and suddenly discovers she is running into danger, the best means of avoiding 
it is to haul to the wind on that tack on which she will most rapidly increase her distance from it; by 
doing so she will gain time in order to prepare for Tacking Ship. If the water should continue to shoal, 
and if in the night time, the proper way to extricate herself would be to steer out on the opposite course to 
which she was steering on its discovery ; but if that cannot be done on account of the wind, to work to Wind- 
ward so as to make that Course good. x 

If the danger is a new discovery, its position should be ascertained by a set of observations taken as soon 
as possible afterwards, and its place deduced from the place of the Ship by Cross Bearings, or by two Bear- 
ings and the Distance sailed between them, by the Rules given (at page 32.) Soundings should also. be 
taken, and the quality of the ground ascertained, which, with the particulars, must be entered in the Ship’s 

og-Book. 

“ While it is necessary to be on the look out for Coral Reefs and other dangers which may grow up, or be 
thrown up by Seaquakes, where none formerly existed, it is no Jess so to guard against false alarms, for it 
is easy to imagine you see breakers when on the look out for them. For instance, in Moonlight nights, when 
the clouds are flying, a stray moonbeam falling on the crest of a broken wave, has really all the appear- 
ance of a breaker ; but if the bearing of it be taken it will be found not to appear again in the same place 
Clouds and Fog-banks on the horizon often resemble land, though the experienced eye of the Seaman can 
usually tell the difference. Whales and other large animals are frequently seen asleep on the surface of 
the ocean and mistaken for rocks ; and in some parts of the ocean the surface is covered with a kind of fish- 
spawn of yellowish-grey color, which at a distance looks like a sand-bank. On the Coast of Africa, also, 
about the Meridian of Greenwich, a very alarming appearance of breakers is caused by a multitude of 
Phosphorus Fish, and the Ship seems to be approaching a Sea of fire, and so great is the light from this 
cause that a book may be read on deck in the darkest night. 


RULES TO PREVENT COLLISION ON SHIPS MEETING AT SEA. 


Two Ships approaching each other on opposite tacks, close-hauled, and it is doubtful which will weather 
the other, the Rule is that the one on the Starboard Tack keep her reach. while the one on the Pork Tack 
must bear up and go under the stern of the other; but if through ignorance or stupidity the one on the Port 
Tack continues to keep her reach, and a collision is unavoidable, then both vessels should instantly put their 
helms a-lee, by which means they will be thrown in Stays, and the shock of collision, if it should take 
place, will be very much lessened. : 

Two Ships meeting each other right ahead, and steering opposite courses, both having the wind free, the 
rule is that both vessels Port their helms so as to pass each other on the Port side, or if one of them should 
be close-hauled, then it is the duty of the other, which is going free, to give way and pass under her stern. 

This rule should not be too hastily adopted in the night time, when a vessel or her light is suddenly seen 
near to on the Starboard bow, because, in this case, were each to Port their helms they would run on board 
of each other. 

This rule is therefore only applicable when vessels meet each other right ahead or a little on the Port bow, 
and steam vessels, which are always supposed to be under the command of their helms, are deemed to be 

ssels going free. 

The commanders of steam vessels say that if sailing vessels would keep their proper course on the ap- 
proach of a steamer towards them, the officer in charge of those vessels would then see exactly the state of 
the case and steer so as to clear the sailing vessel, and thereby prevent collision ; but it frequently happens 
that those on board the sailing vessel become alarmed and keep changing their course without any fixed 
principle, and thereby mutually deceiving each other as to their intentions. 

Ships meeting each other at sea in a dark, stormy night, or in foggy weather, the utmost vigilance and 
presence of mind on the part of the officer of the watch is required to prevent collision, many melancholy 
mstances of which frequently take place. 


‘ 


On a vessel or her light being reported as seen ahead, or on either bow, the officer of the watch should 


immediately ascertain in which direction the other vessel is steering ; if that cannot be done on account of 
the darkness of the night, take her bearing by the Compass ; then her change of bearing in a short time 
will point out the direction in which she is steering, but, if the bearing does not seem to change the vessel 
must either be coming directly towards you or you are coming up with her. If you are, a running Ship, 
and the vessel ahead about to cross yeur bow, if there is a doubt of her doing so in time, it is your duty to 
bear up and pass astern of her. cage. te 
In the case of the vessel coming towards you,if she is on {ti@-Sfarboard bow and too near, Starboard 
your heim ; but if seen right ahead or a little on the Port bow, Port your’ helm; and were each to obey 
this rule a collision would be impossible. Tt is only when the one Starboards andthe other Ports her helm 
at the same time that such takes place. The intention of one vessel should be made manifest to the other by 
® broad sheer in the direction in which she intends to pass; this will save some anxiety of mind on the subject. 
> . 


ee 
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All vessels in foggy weather should sound an alarm either by bell, gong, or steam-whistle, at intervals of 
two or three minutes, and that the alarm should be promptly responded to by all vessels withing hearing 
distance. If the sound of the alarm be heard on the Starboard bow both vessels should instantly Starboard 
their helms. But if it is heard from right ahead or on the Port bow, both vessels should instantly Port 
their helms, and by doing so a collision would be impossible. Slacking a vessel’s speed will not always 
prevent collision ; the oniy remedy is the helm, and the promptness with which it is turned in the same 
direction as above by both vessels. But to make this effectual we must have a universal Law, to be 
alopted by Ships of all nations. 


Error in the Course of a Scudding Ship. 


When the Ship is seudding in a Gale and a high Sea running, with the wind on the quarter, she is gene- 
rally found to have been run off to the leeward of the course intended to have been steered. This is some- 
times unavoidable to prevent the sea falling on board, but more frequently caused by bad steerage, that is, 
by the helmsman hanging on his weather helm when the Ship is on the top of a Sea, in the room of easing 
it, as he ought to do, the consequence of which is, that the Ship is yawed off nearly before the wind, and 
runs for some time so before she can be brought up to her course again. In this case the officer of the 
Watch should mark on the Log-Board the course the vessel is supposed to have made good by Compass ; 
this will seldom amount to more than one point to leeward of the given course, unless the vessel has been 
wretchedly steered, because we may suppose she has been kept some part of the time at or even to wind- 
ward of the given course. When the vessel is running in a narrow channel or in the vicinity of a danger, 
it becomes of the utmost importance that this yawing off should be guarded against, by steering a point, or 
whatever allowance may be deemed sufficient, to windward of the given course, or by yawing her to wind- 
ward as much as she has been run off, so as to make the course good. This yawing of the vessel about 
necessarily cuts off a considerable portion of the Distance she would have run or. a straight course, hence an 
allowance of about 1 mile in 10 is deducted from the Distance run by Log., and as before observed, an 
Error of 1 point in the Course steered will produce an Error in this case of 20 miles for every hundred 
miles of distance ren, which the Ship will be to leeward of her course. 


The Proper Tack to Lay To On. 


In the Remarks on Hurricanes, at pages 42 and 43, rules are given for Laying To on the Proper Tack 
in those cases; but as the Storms in Higher Latitudes revolve in a contrary direction io what the regular- 
built Hurricanes do—for instance, in the North Atlantic Ocean they commence generally at S. E. or 
South, with rain, and veer gradually round by the West to N. W. and North when the rain ceases, but 
the most danger is to be apprehended from a sudden shift, which frequently takes place after a heavy fall 
of rain from 8. W. to N. W.; in that case it is evident that the Starboard Tack is the proper one to be on. 
In a high South Latitude, in the South Atlantic Ocean, Storms commence at N. E. and North, with rain, 
as in the former case, and veer round by the West to S. W. and South when the rain ceases: sudden 
changes take place in the same manner from N. W. to S. W. The Port Tack is therefore the proper one to 
Lay To on in the latter case. (See the Acting of the Barometer in these cases, at page 83.) 


Laying To under a Drag. 


When a Ship has the misfortune to be dismasted, and totally unmanageable, an endeavor should be 
made to keep her Head to the Sea. This can be effected (circumstances permitting) by constructing a 
“rag, as follows :— 

Lay across the Gunwale any useless spars and lumber, so that after being lashed together they may 
»e easily launched overboard, to which attach as much of the wreck and heavy articles as possible, so as 

. sink the spars and lumber square with the surface; to each end of the spars attach the ends of a piece 
. chain or rope in the form of a span or bridle ; now pass the end of a hawser or stream-chain out through 
-@ hawse-holes, and bend it on to the middle of the span. and launch the whole-concern overboard, and it 
will be found that the Ship will ride by this Drag nearly head on to the Sea, because by the wind acting on 
the hull of the vessel, she will drift faster than the Drag will allow her, consequently her head 1s kept up 
to the Wind and Sea. In the meantime the crew will be enabled to work more easily in the fixing up and 
rigging Jury-Masts, in consequence of the vessel having now less rolling motion. 


To Construct a Temporary Rudder at Sea. 


When a Ship has lost her Rudder at Sea, a temporary one may be made out of a thick spar, shaped into 
a Rudder-stock, and if it is made several feet shorter than the old one, it can be better secured below 
water. Make the Rudder with what materials are at hand, and if the upper part of the old stock har 
been saved, transfer the pintles. &c., to the new one, placing the pintles at the same distance as before, 
and prepare the Rudder-head for receiving the tiller as soon as it is shipped. Now take-a piece of chain. 
of a sufficient length for guys, middle it exactly, and mark both parts of it at intervals with exactly 
corresponding marks, take a round turn with the middle of this chain round the foot of the Rudder-stock, 
and cross the guy on the fore part of the Rudder, and secure it from slipping off. 

Then, when the guy-lines, and the purehase for shipping it, are all prepared, launch it overboard, enter 
the head of the Rudder in the trunk, the-guys having been previously passed round, one on each quarter, 
(taking care that the crossing has been retained,) and passed forward, are hauled taught abreast of the 
main rigging, and the corresponding marks on the chain are then placed at an equal distance from the rails 
on each side. After the-pintles of the rudder are shipped, then clap tackles on the guys and haul them 

-taught, which will bind the lower part of the Rudder to the Ship’s stern-post, and at the same time allow 
# to act freely. ; 
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The guys should be cleeted to the Ship’s side on the first calm day, to prevent them chafing about in the 
wash of the Sea. ian 

The reason why the Rudder is not required the whole length is, that the lower part of it, is of no use to 
the Ship for steering purposes, and it is only the upper part of it that is acted upon by the water, and 
which has been proved in cases where a Ship, having had the lower part of her Rudder broken off at the 
lower gudgeon, has been steered as well as if nothing had been amiss with it. 

This can be easily accounted for, when we consider the immense pressure of the Ship on the water, and 
that as she advances, this water, being set free from under her, rushes up her run at an angle of about 45°, 
and must necessarily strike the upper part of her rudder with a force greater than the actual velocity at 
which she is going through the water. 

Making the Land. 


This is generally a time of much anxiety, especially.in tempestuous weather, when no observations have 
been recently obtained, because of the uncertainty in the Reckoning, in consequence of the Ship having 
been probably under the influence of Currents which generally prevail near the land, and great caution is 
theretore-required in approaching it. When Soundings can be obtained they should never be neglected. 
(See Remarks on Sounding, at page 52.) 

When the Reckoning is doubtful, the usual practice is to get into the parallel of Latitude of the place 
the Ship intends to make, and then steer true East or West, as the case may be, proceeding cautiously until 
the land is seen, but care must be taken that the Ship is not too far ahead of her reckoning before falling 
into its parallel; as in the case of making an island, for instance, laying West of the ship, she must be 
sure that she is to the Kastward of it before falling into its parallel. It is therefore safest, if there is no 
Chronometer on board, to keep well to the Eastward before falling into its parallel, and then to steer due 
West. She will make it ahead. 

When a Ship is bound to a Port on a Coast which trends North and South, the Land should be made at 
some point to windward of it, and which has a high and bold shore; then by running down the Coast the 
Latitude by Observation will point out her Port of Destination. 

When Observations for Latitude and the Chronometer can be depended on, they should be continued up 
to the latest period at which the land is expected to be seen, because of the currents or tides near the land, 
and which affect the Ship’s Landfall. The Observations should be verified by sounding at least once, even 
when the weather is clear, and compared with that laid down on the large Chart of the Coast, at or near 
to the Ship’s Position by Observation, the bearing and distance of any part of the Coast can then be 
ascertained, and a Course shaped accordingly. It is usual tomake some prominent headland or lighthouse 
in the daytime, or some well known light by night. If the Navigator is a stranger to the Coast, he will 
naturally consult the Sailing Directions, so as to form some idea beforehand of its appearance, or the 
character of the lights he may expect to see, so that when the Land is seen he may compare it with ilie | 
description given of it, and also its outline on the Chart. But to remove all doubt the Bearing of three 
Objects on Shore should be taken, and a cast of the Lead; then if those Bearings laid off on the Chari 
meet at a point as a common centre, and the Soundings also agree, there can be no farther doubt but that 
the Landfall is correct. This sometimes is a matter of much importance to a stranger in making the 
Land, because by mistaking the Land or a Light for some other on the same Coast, fatal errors have been 
olten committed. It is therefore prudent to test it as above mentioned, before shaping a Course to any other 
part of the Coast. 

A Ship on approaching a Coast in thick blowing weather, where shoals lay off some distance, would 
naturally keep sounding as she stood in, but by mistaking the Soundings so obtained for those outside of 
the Shoals when they were in fact those near the Beach, and in standing off has run aground on the inside 
of the Shoals. This is of frequent occurrence, and caused by an error in the Reckoning: and the only 
remedy to guard against such an accident is to keep the Lead going until the Ship has made an offing equal 
to the Distance at which the Shoals lay off from the Shore. 

When a Ship is caught by thick weather in a narrow channel, between Shoals, and it 1s not considered 
prudent to anchor, she is put under easy sail, and tacked or wore round every hour or half hour, as the 
circumstances of the case require, until the weather clears up, and she can extricate herself. 


Signs of Land. 


_ There are some Signs whereby it may be known when a Ship is approaching Land—the most infallible 
is that of the change in the color of the Sea from a deep blue to a pea green, (a sure indication of being on 
Soundings,) and from that to a muddy color as she approaches the Coast, where tree-roots and other drift- 
wood may be met with floating about, and the coasting and fishing vessels of the country. The Bearing of 
the Land may also be known from the direction in which a flock of Sea-birds are seen flying at Sunset. 
Ducks, and other kinds of diving-birds, which do not fly far, are a sign of being near the land. 

Land is seen at the greatest distance off at Sunrise or Sunset, before the vapors begin to collect around 


it, in the form of clouds, which frequently ide it from view in the daytime. This is called by seamen the 
Loom of the Land. 
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METHOD OF KEEPING THE LOG-BOOK. 


The Log-Book is an official Journal or Record of all the transactions which occur during the voyage of a 
Ship, from the time of her sailing from a port in the country to with she belongs, until her return to a 
home port again, and her cargo discharged ; although it is usual to consider the voyage at an end when she 
is safely moored i in that port, so far as ‘regards the engagements with seamen. 

It should, therefore, contain a true and faithful account of all matters connected with the duty of the Ship, 
of daily occurrence, both at Sea and in port. Accidents, or loss in the Ship’s material sustained, and also 
the misconduct of either the crew or officers, should all be entered distinctly, and in as few words as 
possible. 

While the Ship is in port, the Harbor Log, as it is called, is kept in the common, or Civil Time at the 
place, the Day beginning at midnight and ending at midnight. It contains an account of the wind and 
weather, the number of packages received or discharged, as per Cargo Book, the quantity of stores received 
on board or discharged, the number of hired laborers employed, and the general employment of the crew; 
and when leave is granted to a portion of them to go on shore, to return again at a stated time, if they do 
not so return, the fact should be entered in the Log-Book, and the length of time they were absent without 
leave also. Any occurrence which may have a bearing upon the discipline of the Ship should be taken 
notice of and noted down; because, in the case of trouble with the crew, the Log-Book is received as 
évidence of the facts of the case in a Court of Justice. These entries should all be made in the evening of 
the day on which they occur, or on the morning of the following day, while the circumstances are fresh in 
the memory of the officer whose duty it is to record them. The Log-Book is kept by the 1st officer ; but 
in the event of sickness, or in having been put off duty for misconduct, whoever is appointed in his room 
(by the Captain) must keep the Log. Sometimes the Captain writes it himself. This is legal enough, 
providing nothing but the truth is recorded. 

This is mentioned merely to show that the Chief Mate of a Ship is not justified in retaining the Log- 
Book after its being demanded from him by the Captain, as some Mates seem to imagine they have a right 
to do, The Book belongs to the Ship and to her commander. 

The Sea Log may be kept in Common or Apparent Civil Time, if required. (See the Example following.) 
The entries commence at midnight, and are continued until the following midnight, having the Noon of the 
Sea Day in the middle of it. The Log Board is carried on from Noon to Noon, as usual, the preceding 12 
hours work on the Board, that is, from the preceding Noon to midnight, and the following 12 hours, from 
midnight to Noon, constitute the day’s work, as before; the Ship’s reckoning up to Noon, in this case, 
appearing in the middle of the Log. This method is very convenient in case of referring back to dates, 
and is perfectly easy in practice, because we have only to copy off from the Log Board as above stated. 

The old method is still, however, generally used, through the.force of habit, and’ which is an exact copy 
of the form used on the Log Board. (See page 180.) 

The Log-Book commences, as before observed, when the Ship is unmoored, or breaks ground, under 
charge of the Pilot; and the time at which he leaves the vessel is noted, and the bearing and distance of 
the land taken as a Departure. Suppose the Ship to have sailed in the morning of the 5th of June, and a 
Departure taken at 6 A. M., in writing the Log up to Noon, we would say, this day’s work ends with 12 
hours, (being the end of the Sea Day of June 5th,) to begin the Sea Log. The Course and Distance sailed 
is then reckoned up, and the Ship’s position found at Noon. The Log for the afternoon is then dated the 
6th of June. : 

Suppose the Ship to sail and take her Departure in the afternoon at 6 P. M., we would commence the 
Sea Day in like manner, noting that the last Harbor Log contains only 12 hours. 

On the other hand, when a Ship goes into port in the morning, the Sea Date of the Log and the Civil 
Date of the place being the same, the entries are continued until midnight, and we say, this day contains 36 
hours, to begin the Harbor Log. 

And when she goes into port in the afternoon, the entries are continued under the same date until the 
following midnight, when the same remark is made, that this Ae ends with 36 hours, to begin the Harbor 
Log. 


13. 
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METHOD OF KEEPING A SHIP’S LOG-BOOK IN CIVIL TIME. 


We shall now proceed to give a few Examples of writing the Harbor Log, and the Log at Sea, by Civil 
Time. and conclude this work with af§hort Journal of a voyage. or rather a passage, of a Ship from Santa 
Cruz to St. John’s, N. F. 


The Harbor Log. 


DAY OF THE MONTH. | WINDS. | REMARKS ON BOARD THE ©. 8. DAUNTLESS, LYING AT SANTA CRUZ. 
Monday, N. E. Throughout this day fresh breezes, with passing showers. 
March 18th, 1854. Crew and 3 laborers employed taking in cargo, (as per Cargo Book,) 
bending light sails, and other duty. 
Barom. 30.00 Therm, 80° James Collins off duty, sick. 
Tuesday, N.N. E. First part of this day fresh trade, and fine,middle and latter parts. 
March 14th. Strong wind and rain squalls, 3 laborers employed. 
Finished taking on board eargo. Hoisted in the longboat and cleared 
Barom. 29.85 Therm. 79° up the decks. J. Collins returned to his duty. 
Employed filling 


Wednesday, HK. N. E. | Throughout this day moderate and fine weather. 

March 15th, fresh water, bending sails, and taking in Ship’s stores, and in the 
eve.ing got the Ship ready for Sea, and at 6 P. M. unmoored, and } 

Barom. 30.05 Therm. 81° hove up the starboard bower anchor, and hove in to 30 fathoms, 
Shackle on the small bower. . Discharged the laborers. 


The Clipper Ship Dauntless, W. Griffen, Commander, from Santa Cruz to St. John’s, N. F. 


Thursday, N. kK. At 5 A, M. the Pilot came on board. Hove short and made sail. At | 
March 16th. 5h 30m weighed from the anchorage at Santa Cruz and pro 
ceeded to Sea, Light baffling wind and cloudy. 
At 7 A.M. discharged the Pilot and made all possible sail. The 
steady Trade set in, with fine pleasant weather. 
At Noon, the N. E. end of St. Anthony Island, one of the Cape Verde 


Islands, bore West by Compass, 3 or 4 miles distant. 
Barom. 31.00 Therm, 82° . Lat. Obs. 17° 9’ N. Magnetic Varia. 14 points Westerly. 
u. | kK, |a.K.| courses. | winps.  |L-w. Log Kept in Civil Time. 
Pil] 5 N. W. by NJ N. E. by N. P.M. Fresh Trade and fine weather. 
7a ae. y . Stowed the anchors, unbent the cables and put them below. 
faded oD “ ¢ At 3h, the N.-W. end of St. Anthony bore S. 17° 30’ W., distant 
4) 8 N.N. W. | N. E. by E. 15 miles, from which the Dep. is taken in Lat. 17° 12’ N. Long. 
Bite Dl at. Wiad e 25° 19’ W. At 5h, set the starboard studding-sails. 
; 6 | 1U ¥e * At 6h, the Mag. Variation at sunset was 17° 30’ Westerly. 
oe PO Rae " E.N.E Passed several vessels bound West. 
8 | 11 be s At 8h, inereasing breezes and smooth water. 
9] 12 : 2 ~ | Light squalls from passing clouds, : 
10 ; 18 * E. by N. At 10h, in sky-sails and rounded in the weather braces. 
shi 3 “ “ 
|} 12] 18 4 4 Midnight. Fresh Trade and clear weather. 


The Departure is taken from theNorth West end of the Island of St. Anthony, bearing S. 17° 30’ West 
and the Variation 17° 30’ West allowed, gives the true bearing South; the Ship is, therefore, on the 
Meridian of that point, distant 15 miles to the North of it. Sights being taken for Chronometer, its error 
on Greenwich Mean Time is found to be 0h 10m 39s too fast, and the Rate since last Observation, taken 
in a similar manner, 2 sec. 5-10th gaining. We have thence the Sea error and Rate of it obtained. (See 
the Rules and Examples given at page 155.) 

To shape a Course in this case, we lay the ruler over the place of the Ship and Cape St. John, N. F, and 
find the true Course to be N. W.%N., the Variation allowed to the right gives the Compass Course 
required to steer N. by W.4.W. The distance off at present is immaterial, but both Bearing and Distance 
may be found by a case in Middle Latitude or Mercator’s Sailing. 

In Ships of great speed, when working up the day’s work, it will be found more corrret to turn the 
‘Course steered into degrees, and apply the Variation, (also in degrees,)to it, and thence find the Difference 
of Latitude and Departure. ; 
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The Clipper Ship Dauntless, W. Griffen, Commander, from Santa Cruz towards St. Johns. 


H. | K. | H. K.| COURSES. L. W. REMARKS, FRIDAY, MARCH 1TH, 1854. 
Me eT “| A.M. Fresh breeze and clear weather. 
2| 14 “ | At 2h, squared the yards and set the lower studding-sail. Set up 
8115 and secured the boom braces, and preventer breast and back 
4,14; 1 : stays. ms 
5 15 “c “ és 
: 14! 1 < “ “ | At 6h, The Magnetic Variation at Sunrise was 20° Westerly. 
15 “ “ “ 
aia 1h 3 «“ « “ | At 8h, Longitude in by Chronometer was 27° 57’ 80/’ W. 
9/15 «“ ae “ | Watch employed about the rigging fixing chafing gear. 
10 | 15 a . « | Carpenter repairing the longboat. 
11 | 15 . fe “ | Pumps carefully attended. 
12 | 15 fs - “« | Noon. Strong steady Trade wind. 


Variation| Course | Dist. | D, Lat.| Dep. | Lat. D.R.20° 52’N.| Lon. D.R. 28° 34’W.)Lon.Chr. 28° 40’ W.| Bar. 80 00 


19° W. |N.40°W.| 287 | 220 N. | 185 W.|Lat.Obs.20 50 N./Dif. Lon. 8 15 W.)/D. R. since yester- |Ther. 79° 
“2 oy day. sienen 28 34 

1 | 15 AN: VE, East. “ | P.M. do. weather. All possible sail set. fg 

2) 15 44 “ “ | Signalized the Ship Shannon from Havre, bound to New Orleans, 

3 | 15 s - : out 30 days. 

4} 15 ‘ e “ | At 4h, Long. in by Chronometer 29° 25’ W. 

5 | 15 “ «“ “ | At 5h, Carried away the top-gallant studding-sail booms. Made 
6 | 14 f ne . up the sails and sent the booms down on deck. 

ea es sd “ a At Sunset the Magnetic Var. was Obs. to be 20° Westerly. 

8 | 15 sé 6“ m At 8h, squally-like clouds in the N. W. and the Barometer falling. 
9 |] 15 t “ “ Ship approaching the Northern limit of the N. E. Trade wind. 

10 | 15 " “ « Handed all the small sails. 

11 | 15 | % 4 “ | At Mid. The wind heading the Ship off, in all studding-sails and 

12 | 15 a . - braced forward the yards. 

H. | K. |H. K.|- COURSE, WINDS. |L. W. REMARKS, SATURDAY, MARCH 181TH, 1854. 
1} 10 N.W. |N. E.byN. “ | A.M. Very squally weather, with heavy rain; handed the stay- 
2| 10 + s * sails and flying-jib. 

3 10 “ “ “ 
4] 10) “ . “ | Heavy ground swell from the N. W. 
5 10 i “ “ 4 “ 
6 | 10 € _ « | At Sunrise the Magnetic Varia. was Obs. to be 19° 80’ W. 
uf 10 “ “ “ 
8 | 10 W. by N.| North. « | At 8h, In first reef of the top-sails and set top-gallant-sails over 
9} 10 1 - * 4 them. 
10 | 10 1 ¢ « “ | No observations, Sun obscure. 
p19) 110.) al $ « | * | Noon, Strong gale and a high topping sea. 

122); 10 | 1 « ¢ « | Jn top-gallant-sails and double-reefed the top-sails. 

Variation | Course | Dist.| D.Lat.| Dep. |Lat. D.R. 23° 26'N.| Lon, D.R. 32° 46’ W.| Long. Chro. 0° 0’|Bar, 29 .50 
19° W. |N.56°W.| 280 | 156 N. | 2384 W. |Lat. Ob... .. |Dif. Lon. 4 12 W.|D.R. since yes- /Ther; 78° 
terday 32° 52’W. 


\ 


As sufficient examples of working a Day’s work have been already given worked out, it is considered 
unnecessary to work out those in this Journal, the result only being given, that is,a summary of the whole, 
including the Latitude by Observation, and Longitude by Chronometer at Noon, the Longitude by Dead | 
Reckoning being carried on from day to day by itself. The Difference of Longitude made is also applied 
to the Longitude by Chronometer on the preceding day, and placed under the Longitude by Chronometer 
to-day. This affords a means of comparison. In like manner the Latitude by Dead Reckoning and that by 
Observation are placed under each other, which will show at any time the effect of a Current or the Errors 
in the reckoning. . 

The Variation observed agreeing with that laid down on the Chart, we conclude there is no Local Attrac- 
traction on board. The Courses steered by Compass in the above Days’ works are turned into Degrees 
and Minutes, the Variation applied gives the True Course in Degrees; for instance, N. N. W. is N. 23° W. 
nearly, and as the Variation has increased in the first Day’s work from 17° 30’ to 20°, we take the Mean, 
or 19°, as the proper Variation to be allowed on the whole Day’s work ; this added to N. 23° W. by Com- 
pass, gives the ‘rue Course N. 42° W., with which and the Distance run, gives the D. Latitude and 
Departure. 
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METHOD OF KEEPING A SHIP’S LOG-BOOK IN SEA TIME. 


Having thus given Examples of Keeping the Harbor and also the Sea Logs. in Civil Time in the com- 
mencement of this Journal, the remainder of it will be kept in Sea Time, that ce in the usual manner 
adopted on board merchant vessels. 


The Clipper Ship Dias W. Griffen, Commander. 


COURSES. WINDS. . WwW. REMARKS, SUNDAY, MARCH 197TH, 1854. 


West. . by. W. P.M. Strong gale and rainy weather. 
a rt Sent down the royal-yards and rigged in the flying-jib-boom. 
W.4S. At 4h, eased the Ship by checking in the weather braces and keep- 
iia ing clean full-and-by, the object being to get well to the West- 
ward before a change of wind takes place, which, by the falling 


of the Barometer to 29.40 would seem to indicate. . 


Oo OATH OP COD 


At 10h, do. weather. 


Midnight. Strong gale and a high sea. Pumps carefully attended. 
Ship keeping perfectly tight. 


At4 A.M. Galei increasing, reefed the coursers and spanker and 
eased the jib-half-boom in. 

At 6h, the Magnetic Varia. at Sunrise, as near as it could be ob- 
served, appeared to be 14° or 1} points Westerly. 

At 8h, observed an Alt. of the Sun. Long. in by Chron. 36° 0’ W, 


At 11h 45m, another Alt. of the Sun gave, Lat. in 21° 9’ N. 
Noon. Stormy weather. Sun. obscure. 
Course | Dist. | D. Lat.| Dep. {Lat. D.R. 21° 17'N.| Dif. Lon. 3° 34’ | Long. Chr. 36° 36'| Bar, 29.35 
17° W. |S.s7°W.| 237 | 1298. |198 W.|Lat.Obs.21 7 |Lon.D.R.36 20W.|D. RB. since yester- Ther. 78° 
day 


In the above Day’s work it appears that the Magnetic Variation has changed from 19° 30’ to 14°, during 
the run to the Westward since yesterday evening at Sunset, we therefore use the mean of the two, which i is 
17° or 14 points, to correct the Compass Course. 

An Altitude of the Sun having been obtained at about 8 o’clock for Chronometer, and another for the 
Latitude near Noon, the time by Chronometer being noted at the time of each observation, the Latitude is 
thence found by the method given at page 94, and the Longitude by Chronometer is found by the method 
given at page 140. This is the simple case; or the Latitude may be found from the two Altitudes having 
the measured interval of Time between the observations by the method given at page 96. As the Ship has 
plenty of sea-room it is not necessary to resort to the method given at page 144 in this ease ; besides the 1st 
Altitude was observed at a proper distance from the Meridian, and any Error in the Latitude by Dead 
Reckoning would not affect the Time much, nor the Longitude by Chrggometer, because the Ship is in a 
low Latitude. 

One point of Leeway and 14 points of Variation being allowed to the left of the ia by Compass, 
gives the True Courses, which, with the Distance run on each, gives the Difference of Latitude and Depar- 
ture made good, and thence the Latitude and Longitude by Dead Reckoning. Then the Difference of Lon- 
gitude made by Dead Reckoning applied to the Longitude by Chronometer yesterday, gives the Longitude 
in by Dead Reckoning since yesterday. This compared with the Longitude by Chronometer to-day shows 
the Ship to be 10’ of ‘Longitude to the Westward of the Dead Reckoning. In like manner the Difference 
between the Lati:ude by Dead Reckoning and that by observation shows. the Ship to be 10’ to the South- 
ward of the Dead Reckoning. This may be accounted for in two ways, that is, she must either have gone 
more distance than the Log has given her, or there may have been a Current setting in the direction of her 
Course. It is evident it could not have been caused by an Error in the Course, because the Error in the 
Latitude is to the Southward of the Dead Reckoning, and the Error in the Longitude is to the West of the 
Dead Reckoning, or in excess ; but had the Longitude by Chronometer been to the Eastward of the Dead 
Reckoning, or less than it, it would then have been concluded that the Error was due tothe Course having 
been more to the Southward than that given by Log. 
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From Santa Cruz, (Cape Verdes,) towards St. John’s, Newfoundland. 


H. | K. |H.K.] COURSES. WINDs. L. W. REMARKS, MONDAY, MARCH 20TH, 1854. 


1 | 10 W.S. W. | N.W.byN| 1 | At 1 P. M, the wind hauled more to the Westward. Wore ship | 
ra NOE. by. N. | NoW. | 14 to the North Eastward. 
3 “ “ 
4 1} N.N.E. |N.W. by W, 14 | At 4h, strong gale and rainy weather. 
5 6“ “ 
6 1 ad “ At 6h 30m, the sky cleared up to the Southward. Observed the | 
q 1 y Meridian Altitude of the star Sirius, (a good observation,) which } 
8 1 . a gave Lat. in 21° 42’ N. Lat. by D. R. at same time 21° 35’ N. j 
9 “ “ 
10 sg > At 10h, more moderate weather. Out double reefs of the topsails | 
11 ¥ 1 bas and set top-gallant-sails over them. ' 
12 if . Midnight. Fresh breeze and clear weather. 


At 2 A. M,, weather moderating, and the head sea going down. 


At 4h, out reefs of the courses and spanker, 
“s t At 5h 30m, Lat by the Moon 28° 26’ N., D. R. gave 23° 17’ N. 
i - At Sunrise, the Magnetic Variation observed was 12° 0’ W. 


At 8h, Long. in by Chronometer 85° 25’ W. 
« p Watch on deck employed repairing chafing gear. 
; * Carpenter repairing the Longboat. 


pe 
OCOHODHDOOCTDCCOCDOOCOMMATAADOAOD 


12 . i. Noon. Cloudy weather; Sun obscure. 
Varia. | Course. | Dist.|D. Lat |Dep. | Lat. D. R. 24° 23’ N.| Dif. Long. 1° 23’ E.|Lon. Chro, 35° 8’ W.; Baro. 29.80 | 
13° W.|N. 28° E.| 198 1182 N.|76 E.JLat.Obs. 24 38 N.jLon, D.R.34 57 W.|D.R.sin. yest. 35 18 wl Therm. 77° 


To Correct the Courses Steered in Degrees. 


Comp. Course W.S.W. or S. 67° 80’ W. N.E. by N. or N. 88° 45’ E, N.N. E. or N. 22° 30’ E. N.N.E. or N, 22° 80’ E, 
Sub.L.W.11° 15’ & Va.13°=24 15 Add the Diff... 8 52 Add Diff.... 3 52 Sub. Diff... 2 0 


Course made good...... S. 43° 15’ W. N. 37° 37’ E. N. 26° 22’ E. N. 20° 80’ E. 


The Courses being corrected in the above manner, and entered into the Traverse Table, with their 
respective distances, as usual, the nearest degree being then taken as the Course to find the Difference of 
Latitude and Departure. 

This is a very important matter, and should be attended to in a fast-sailing vessel ; because an omis- 
sion of, say 2°, in the variation allowed on the Course steered, when the distance run is great, will cause 
a considerable error in the Dead Reckoning. When the Course is near the Meridian, or near a Parallel 
of Latitude, this error will amount to 4’ in every 100 miles distance; when near 45° the error will be 2’ 
in every 100 miles. 

In looking over this day’s work, we find that at 6h 30m the Latitude found by the Meridian Altitude of 
the Star Sirius, made the Ship 7’ to the Northward of the Dead Reckoning, and at 5h 30’ A.M., by the 
Meridian Altitude of the Moon, she was 9’ to the Northward of the Dead Reckoning. 

.And that the Longitude by Chronometer made her 5’ of Longitude to the Eastward of the Dead Reck- 
oning. She has, therefore, made less Leeway than has been allowed her, and gone more Distance than 
the Log gives her; it is therefore proper to examine the Log-line ; and which, on being examined, we find 
to be 5 feet too long at the 5 knot mark, which would be equivalent to an error of nearly 4 a knot in using 
the 14 sec. or Short Glass, giving the Distance too small. The proper length between the knots should be 
45 feet, whereas the line was found to be 46 feet, or one foot too long on each knot. A measured space 
of say 22 feet 6 inches, the length of the half-knot, should be marked off on the deck, and a copper nail 
driven in at each end of it, as a permanent measure, whereby the line may be verified occasionally ;. because 
it is liable to shrink up as well as to stretch, when new. In fitting a new line, it should be well stretched 
and then thoroughly wetted, before it is measure? and marked. 
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The Clipper Ship Dauntless, W. Griffen, Commander, 


H. K.| COURSES. WINDS. L. W. REMARKS, TUESDAY, MARCH 21st, 1854, 


9] 1 |N.byE. EJN.W.by WJ 4] At 28m past Noon, Lat. Obs. 24° 43’ N. 
BO, FF. 1 is n.w.byw.¢w] + | At 2 P.M, out all reefs, Sent up the royal yards, rigged out the 


_ flying jib- -boom, and set the sails. 
# “ At 4h, the Long. in by Chronometer 35° 0’ W. 
- “ Steady breeze and fine weather. 
ait . Sunset, Magnetic Variation Obs. 12° Westerly. 
«“ i: At 7h 20m, Mer, Alt. #*€ Castor. Lat.in 25° 56’ N. D. R. 25° 54’ N, 


At 9h, set the stay-sails, fore and aft. 


Midnight. Steady breeze and fine clear weather. 


“ “ A.M. Do. weather. All possible sail set. 


At 4h 20m, Mer. Alt. %& Antares. Lat.in 27° 25’ N. D.R. 27° 27'N. 
At 6h 38m, Mer. Alt. D Lat. in 27° 54’ N. D.R. 27° 53’ N 


At 8h, Long. in by Chronometer 34° 28’ ‘W. An Azimuth taken 
same time gave the Magnetic Variation 14° Westerly. 


i i Employed painting the boats, &e. 
“4 ff Carpenter caulking on deck. 
- z Noon. . Island of Fayal (Azores) N. 26° E., 650 miles. 
Varia.| Course. |Dist.|D. Lat.|Dep. | Lat. D. R. 28° 48’ N.|Dif. Long, 0° 42’ E.JLong. Chro. 34° 22’ W.|Bar. 29.80} , 


13° W.! N.8° 30’ E.| 258 |250 N.|37 E. 


Lat. Obs. 28 50 N.jLon. D. R. 34 15 W/|D.R. sin-yest. 34.26 W.|Ther. 76° 


As the Meridian Altitude of the Sun was not obtained yesterday, an Altitude was taken in the after- 
noon, and the Time noted by Chronometer. by which means the Apparent Time at the Ship was found to 
be 28m past Noon. The Latitude being then worked out, (by the method given at page 94,) is found as 
above. The Ship has made 5’ of Difference of Latitude to the Northward since Noon, which subtracted 
from it, gives the Latitude in at Noon yesterday. 

The Magnetic Variation having changed from 12° to 14° arnt the day’s run, the Mean of which, 13°, 
being applied to the left hand of the Courses by Compass, after being corrected for. Leeway, as shown in 
yesterday’ s work, will give the True Courses. 

The Difference between the Dead Reckoning and Observations to-day is much less than heretofore, being 
only 2° of Latitude to the Northward, and 4’ of Longitude to the Eastward. 

The Variation was found this morning: by an Azimuth, and by the same Altitude which was used for 
Chronometer. (See the method of doing this at page 150. ) 

By inspecting Table XVIII, against the Day of the Month, the Times of the Meridian Passages of the 
Stars Sirius and Antares will be found as above. Then their computed Altitudes furnish the means of 
finding them. (See page 106, No.3.) The Latitudes so found, and that by the Dead Reckoning since 
Noon, on being compared are found to agree, nearly. * 

By reference to the Nautical Almanace, in the case of the Moon, the Mean Time of her passing the 
Meridian at Greenwich is found and reduced to the Meridian of the Ship, Then the Equation of Time 
subtracted, gives the Apparent Time as above. (See page 101.) The Latitude Observed and Dead Reck- 
oning agree, nearly. 

The Ship’ s position being laid down on the Chart each day at Noon, as directed at page 48, and joined 
together with a pencil line, produces her track. When out on the open. Sea, it is not necessary to note 
the bearing of the Land daily, but in the case of having to pass near to certain land, it is prudent to note 
its Bearing and Distance at Noon, as we approach it. “As in this case the Ship is ‘heading: towards the 
Azores Islands, we therefore find the Bearing and Distance of the nearest. Fayal bears N. N. E.¢ E. 
True, or N. E. £1 N. by Compass, distant 650 miles ; and Flores, which lies West of it, bears N. by E. } E.. 
or N. N. E. 4 E. by Compass, distant 660 miles. The same may found by the Rule in Case 2d, in Mid- 
dle Latitude or Mercator’s Sailings . 
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From Santa. Cruz (Cape Verdes,) towards St. Johns, Newfoundland. 


‘HH. | K. |H. K.| COURSES. WINDS. L. W. REMARKS, WEDNESDAY, MARCH 22D, 1854. 


yp 1 \N. by E.3 E. |N.W.b.W.4W 4 P.M. A fresh, steady breeze ; all possible sail set. Signalized 
9/11 «“ “ 6 the Ship South Carolina, from Liverpool, bound to Austra- 
3 | 11 ? ¢ 4 lia, out 15 days. 
4] 11 “ « « | At 4h, Long.in by Chron. 84° 22’ W., and an Azimuth Obs. at 
5 Pad fy 1 » = s the same time gave the Magnetic Varia. 20° W. 
6 10 “ “ “ 
ci Ve “ it7 “ 
Sa 11 a “ « | At 8h, Squally ; handed the stay-sails. 

9 TS “ “ “ 

10 | 11 * bd “ | At10h 6m, Alt. P?’t Mars S. gave Lat. 30° 36’ N. ° 

Ugg big ae “ ‘ i do. Alt. Polar & N. as Lat. 30° 46’ N, Boag) tut 

T24okL 1 N. E. N. W. by W.| 0 | The Lat. by D. R. since Noon same time..........- 30° 39! N. 
(eS1 « ‘“ “ | Clear starlight night and smooth water; set all the stay-sails, 
22) 31 ¥ ee rt: fy fore and aft. 
3 


4)" FOF} . be] “4 + “« | At4 A.M. Fresh breeze and showery weather. 
5 |-1l1 is a At Sunrise the Mag. Varia. observed was 25° Westerly. 
PES og on "6 “ « | At Th 40m, Mer. Alt.of the ) Lat.in 32° 16’ N., D. R.32°147' N. 
"111 « a “ | Long. in by Chron. same time 83° 42’ W. 
8 | 1l K % “ | Employed reeving new running rigging and setting up the jib- 
10} 11 * fe a guys and top-gallant backstays. 
1i/} Ak i “ | Steady breeze and pleasant weather. 
5 a ea 4, 4 “ | Noon. Island of Flores, (Azores) N. 15° E., Dist. 404 miles. 
Variation | Course | Dist. | D. Lat.| Dep. | Lat. D. R. 33° 2'N.|Dif. Lon. 1° 4’E.|Lon, Chr. 33° 20'W.|Bar. 29.80 


22° 30’W.|N.12° E.| 260 | 252 N. 


75° 


55 EH.) Lat. Obs. 33 1 N.|Lon. D.R.33 11 W./D. R. sin. yest. 38° 18’W.|Ther. 


The Magnetic Variation has changed considerably since yesterday morning, at which time it was 
observed to be 14°. At 4 P. M. it had increased to 20°, and this morning it was found to be 25°. We 
therefore take the Mean of the two Variations last found, which is 22° 30’, or 2 points Westerly, as the 
proper Variation to be allowed on the Courses steered. 

As the Ship’s position by Dead Reckoning agrees very nearly with that by observations to-day, we there- 
fore conclude that the Log is correct. 

At about 10 P. M. the Altitude of the Planet Mars, observed to the Southward, gave the Latitude as 
above, but the night being dark and the horizon doubtful, an Altitude of the Polar Star was observed to 
the Northward, the Latitude by which differed 10’ from that by the Altitude of Mars, but the Mean of the’ 
two agrees nearly with that by Dead Reckoning. (See Remarks, page 110.) 

The Moon being on the Meridian at 7h 40m, epeHent Time in the morning, her Meridian Altitude was 
observed, and at the same time Altitudes of the Sun were taken for the Chronometer, which gave the Lati- 
‘tude and Longitude of the Ship at that time, as above. . 

The Longitude by Chronometer at Noon was found to-day by equal Altitudes of the Sun, and agrees 
with that brought up to Noon by the Dead Reckoning since the morning Sights were taken.’ The first equal 
Altitude was taken at 7 bells, and the time noted by Chronometer. The Index of the instrument was 
then screwed back 10’, equal to the Difference of Latitude made to the Northward in 1 hour, and when the 
Sun’s Lower Limb fell to that Altitude, the Time by Chronometer was noted again. This method is fully 
explained in the Note at page 147. : 

The Bearing and Distance of the adjacent Land, or that which the Ship is approaching, is again noted at 
Noon to-day. The Island of Fayal bears N. E. by N. True, or N. E. by E.; by Compass (Variation 2 
points W.) Distant 400 miles; and the Island of Flores bears N. by E. 4 E. True, or N. E.#N.; by 
Compass Distant 404 miles. That is, # of a point on the Weather or Port bow of the Ship. These bear- 
ings are from the Chart, But if a Chart is not at hand, the Bearing and Distance of any of the Islands may 
be worked out by the Rules given in Case 2d, of Middle Latitude or Mercator Sailing, The Latitudes and 
Longitudes of the several Islands are given in the Table of Positions at the end of the work 
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The Clipper Ship Dauntless, W. Griffen, Commander, 
u. | x.’ |. K.| COURSES. WINDS. |L. w. REMARKS, THURSDAY, MARCH 23D, 1854. 
1 | 11 N. E N. W. byW.) 0 | P.M. Fresh breeze and clear weather. 
2.11 ¥. € _ © | People employed repairing sails, &e. 
3 | 11 N. E. by N.| N. W. 0 | Carpenter making a top-gallant studding-sail-boom. 
4] 11 ef ¥ “ | Several vessels in sight, bound West. 
5 ll “ 66 6“ “ 
6 | 11 2 “ “ | At Sunset the Long. by Chron, was 32° 52’ W. 
y OS RS KU ae | . ¥ “ |! The Dead Reck. at the same time 32 59 W. 
8 | 10] 1 : = “| Ampli. gave the Mag. Varia. 23° Westerly. 
9} 10{ 1 : a « | And an Altitude of # Sirius near the Mer. gave Lat in 34° 4’ N. 
10 | 10 , - “ | The Dead Reckoning since Noon was........++-.++. 34 5 N. 
; jit 9 1 o if) “ : 4 
12 9 N.N.E.$ E/N, W.4 W 4 | Midnight. Cloudy weather. 
if 8 1 ce 66 
pa Ss 1 ae | ‘ r “ At 2 A.M. Less wind and hazy weather. 
3 8 “ “ “ o 
4| 8 fi e “« | At 4h, Mer. Alt. of 3 Antares gave Lat. 35° 25’ N.) The Mean 
5 | ie # s 4 and an Alt. of the Polar # gave Lat. 35° 37’ 35° 31’ N. 
ah a : R “ | At Sunrise, Mag. Varia. Obs. 23° W. D. R. gave Lat. 35° 34’ N, 
Pe 8 E . “ | Steady breeze and fine clear weather. 
Bs “ a “« | At 8h 40m, )’s Mer. Alt. gave Lat. in 36° 5’ N., D. R. 36° 9’ N. 
9| 8 si . “ | Sun’s Alt. gave Long. Chron. 32° 3' W. The D. R. was 32° 29’ W. 
10} 8 x . “ | Azimuth Obs. same time gave Mag. Varia. 23° W. 
11} 8 § “ | Watch on deck repairing sails, &e. : 
Ve tae ¢ y “ | Noon. The Island of Flores (Azores) N. 10° E. (True) 182 miles. 


Current to-day E. by S. (True) 1 mile an hour. 


D. Lat.| Dep. | Lat. D. R. 86° 38'N.|Dif. Lon. 0° 58’ K.| Long. Chron. 31° 52’ W.|Bar. 29.80 
217 N.|48’ E.|Lat. Obs. 36 33 N.|Lon. D.R. 32 13 W.|D.R.sin. yest. 82 22 W.!Ther. 70° 


‘Varin| Course |Dist. 
2 pt.W.|N. 12° 30/E,| 223 


The Magnetic Variation having continued the same throughout this day, that is 23° or 2 points Westerly, 
we allow that quantity on the Courses by Compass. 

The Ship’s position by observation being to the East of that by the Dead Reckoning, it is evident there 
must have been a Current setting her in that direction. : ’ 

At Sunset the Longitude by Chronometer was observed as above, (see the Method of doing this at page 
128,) and which was 7’ of Longitude to the Eastward of that by Dead Reckoning since Noon; and at 8h 
40m A. M. the Longitude by Chronometer was 26’ to the Eastward of the Dead Reckoning since Noon. 

The Latitude observed by the Star Sirius at Sunset was 1’ to the Southward of the Dead Reckoning ; 
and at 8h 40m A. M. the Meridian Altitude of the Moon gave the Latitude 4’ to the Southward of the 
Dead Reckoning. Now, by the Method given at page 29, of finding the Current, we ascertain that in 15 
hours, that is, from Sunset until, say 9 o’clock next morning, the Current has set 8. 79° E., E. by S. True, 
or 8. E. by E. by the Compass, and the Drift 15 miles, or at the rate of 1 mile per hour. 

Equal Altitudes taken near Noon in the same manner as was done yesterday, corroborates the Long. in by 
Chronometer at Noon as above. The whole Error in the Longitude, from Noon to Noon, caused by the Cur- 
rent, amounts to 30’ E., and the whole Error in the Latitude in like manner, amounts to 5’S. From this 
data we find, as before, that the Current has set E. by S. True, or S. E. by E. by Compass, 24 miles in 24 
hours, or at the rate of 1 mile per hour. 

This Current is supposed to be a continuation of the Gulf Stream, which, after pursuing its course along 
the Coast of America, branches off in the direction of the Azores Islands, and after striking the- Coast of 
Africa turns South, passing to the East of the Cape Verde Islands, it joins the great Guinea Current on 
the S. W. Coast of Africa, (See the Remarks on Currents at page 39.) 

The Bearing and Distance of the Isle of Flores, at Noon to-day, is N. by E. nearly, or N. E. by N. by 
Compass, Distant 182 miles, And suppose it was required to shape a Course so as to keep the Island on 
the same bearing, and allow for the effect of the Current, we would proceed as follows: The Current 
being found to run nearly at right angles to the bearing of the Island, we take the Sum of the bearing N. 
10° E., and the Set of the Current S. 79° E.= 89° as a Course, and its rate 1 knot as a Distance gives the 
Departure 1’, the Ship’s rate of Sailing 8 knots, and Departure 1, gives the Course 7°, which subtracted 
from N.10° E. gives the True Course N. 3° E., and the Variation being allowed gives the Compass Course 
N.N.E.2%E. (See Method of doing this at page 30, Case 3d.) 
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JOURNAL OF A VOYAGE 
From Santa Cruz, (Cape Verdes,) towards St. John’s, Newfoundland. 


K. |H.K.| COURSES. WINDS. i = REMARKS, FRIDAY, MARCH 24TH, 1854. 


m 


N. Sy E. 4H/N.W.byW.| 4} P.M. Steady breeze and fine clear weather. 
. Employed as yesterday. 


At 4h, Longitude: in by Chronometer 81° 45’ W. Dead Reck. 
31° 50’ W. An Azimuth Obs. same time gave the Var. 23° W., 
and at Sunset an Amplitude gave the Var. 23° 80’ W. 

At 7h, Obs. Mer. Alt. # Castor. Lat. in 87° 28’ N,, D. R. 87° 29’ N. 
Obs. Alt. of the Polar #. Lat. in 37° 28’ N 


At 10h, sky overcast, with rain, Handed the staysails, royals, and 
flying-jib. 
Midnight. Squally, with showers of rain. 


| At 2 A. M, weather cleared up. Set the light sails again. 


1 At 4h 9m, Obs. M. Alt. # Antares. Lat. 38°35’ N. Mean 88° 88’ N. 
Obs, Alt. of the Polar #. Lat. 38° 41'N, D.R. 88° 41’ N. 
N.N.E.2H.| N.W.4 W.| 4 | At Sunrise, Mag. Varia. Obs. 23° W., and the Long. in by Chron, 

. 4 same time was 81° 20' W. D. Reckon, 81° 42’ W. 

q a At 8h, Long. in by Chron. 31° 12’ W., and at the same time 
N.by KE. E|N.W.byW. 4 the Isle of Flores was seen bearing N, 23°.E. distant 24 miles. 

ny - Took Sights to verify the rate of the Chronometer, 

rite 3 f Noon. Light winds and fine. The North end of the Isle of Flores 

- 4 | bore W. N. W. by Compass, distant 7 miles. 

Current E. by S. (true,) 1 mile an hour 


iVaria.| Course. .|D. Lat.|Dep. |Lat. D. R. 39° 86’ N.|Dif. Long. 0° 18’ E.|Long. Chro, 31° 4’ W.|Bar. 29.50 
23° W.|.N.4° 30’ E.| 184 183 N.j14 E.|Lat. Obs. 89 31 N.|Lon. D. BR. 31 58 WID.R. sin.yest. 31 2 W. Ther. 69° 


& 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 
2 
3 
f 
5 
6 
be 
; 8 
| 9 
| 10 
} 11 
12 


The Course was shaped, or rather the Ship lay up, N. by E. 2 E., and allowing 4 a point of Leeway, 
she made good the Course N. N. E. 4 E., as computed at the end of the last day’s “work, in order to coun- 
teract the effect of the current and to keep the Island on the same bearing; and had she been continued 
on that Course until Noon, she would have closed with the Island on the above bearing. But between 
the hours of 5 and8 A. M. she was kept off 1 point, so as to be on its Meridian at 80 ’elock, with the view 
of verifying the Chronometer when ihe Island was seen. At 8 A. M. the Island was seen accordingly 
bearing N. 23° E., distant 24 miles, and which placed the Ship exactly on its Meridian ; sights for Chro.. 
nometer being then taken, in the manner as recommended at page 155 for rating the Chronometer. Ih, 
this case, the error of the Chronometer on Greenwich Mean Time was found to be 0h 10m 59s. __ Its error 
on leaving the Cape Verdes, 8 days ago, was 0h 10m_ 39s. ; consequently it has gained 20 sec. in 8 days, 
and its daily rate, 2 sec, 5- 10th gaining, (its previous rate,) confirmed. 

From the above method of allowing for Currents, it will be perceived that if the Set and Drift.of a 
Current be known, it is easy. to compute beforehand the precise effect it will have on the Ship’s Course, 
according to her rate of sailing, so that the land may be made on any given bearing. But it must be 
remembered, that if her rate of sailing changes, the Course must again be computed to this change. 

As before ‘observed, the Ship had been kept off 1 point for three hours, with the view of placing her on 
the Meridian of the Island, in consequence of which she did not fetch it in, but was on its parallel of Lat- 
-itude at Noon, and she passed 7 miles to the Eastward of its Meridian. 

In working up the above day’s work, 23° of Variation is allowed on all the Courses, after being corrected 
for Leeway, and which being entered in the Traverse Table, together with the true Set and Drift of the 
Current, that is, HE. by 8. 1 ‘knot an hour, the Dead Reckoning and the Observations taken at various 
times during the day, will be found to agree, as also the Dead Reckoning and the Observations at Noon. 

The Longitude by Dead Reckoning, carried on from day to day since leaving the Cape Verdes, is found 
to be in error 51’ too far Westerly, Consequently a fresh Departure is taken to-day at Noon, from “the 
North end of the ‘sland of Flores, bearing W. N. W., distant 7 miles, the position of which is Latitude 
39° 32’ N., Longitude 31° 42’ W. 
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JOURNAL OF A VOYAGE. 


2 ~The Clipper Ship Dauntless, W. Griffen, Commander. 


A 
H. | K. |H. K.| COURSES. WINDS. |L. W. REMARKS, SATURDAY, MARCH 257TH, 1854, 
hg N. by E, |N. W. byW| 4 | Took a fresh Departure at Noon yesterday, from the N. end of the 
2.) 5 e “ * Isle of Flores bearing W. N. W. by Compass, distant 7 miles. | 
an ber | s is At 8 P. M,, light winds, inclining to calm. 
4] 2 . a ‘ | The Isles of Flores and Corva in sight to the 8. W., 12 miles. 
5 " vs At 5h, calm. Heavy threatening clouds rising in the South, indi- 
6 i a eating a storm. Barom. fallen to 29.20. 
7 Ojalm. _ ; Handed all the light sails, sent down the royal yards, and made all 
8 a " snug for a gale. Mag. Varia. Obs. 25° W. 
9 . ier 0 | At 9h, a breeze sprung up from the Southward, with rain, which 
10] 5 N.W.4N.| South. rapidly increased to a gale of wind. 
11 | 16 it * At 11h, in top-gallant-sails and double-reefed the topsails. 
12 | 15 ‘ . At Midnight, handed the S. M. sail and spanker. 
1 15 “ “ 
2/16 ¥ S At 2 A. M.,, gale increasing and a heavy sea running. 
5 ] 6 “ “ 
4} 16 a x At 4h, close-reefed the topsails and foresail and furled the mizzen 
5; 15 . topsail. 
6 | 15 et - Passed several vessels lying to. - : 
q 15 “ “ 
8 | 15 e “ At 8 A. M, blowing excessively hard, and thick with heavy rain. 
9 | 16 . : Vessel shipping much water*on deck. 
10 | 15 “4 <i Pumps carefully attended. ; 
11 | 15 $ i: Rigged in the flying-jib-boom. ' 
12 | 15 % i Noon. Do. weather. Sun obscure. . 
| Bearing and Distance of St. John’s, N. 63° W., (true,) 830 miles. 
Varia. | Course. | Dist.|D. Lat.| Dep. | Lat. D. R.41° 19’ N.|Dif. Long. 4° 0’ W.| Lon. Chro. oe): | SR een 
24 pt. WN. 60° W] 213 1108 N.j184WjLat.Obs. “ “ . |Lon. D.R.85 12 W.|D.R.sin. yest. 35° 12'w.| Therm, 65° 


Ti. 4 


No Observations have been obtained to-day, except at Sunset, when an‘Amplitude gave the Magnetic 
Variation 25°, or 24 points Westerly. ; 4 

In working up this day’s work, we allow for the Set of the Current E. by S (true) 1 knot an hour, from 
Noon antil 9 P. M., at which time the wind came out from the Southward, and inereased into a gale ; 
consequently, the Ship would.soon run to the North Westward, where she would be out of its influence. 

There is reason to apprehend that the Ship has been run off to the Northward of her Course to-day, as 
the Sea broke heavily on the weather quarter; and also from the fault of the helmsman hanging on his 
weather helm when the Ship was on the top of a Sea, thereby causing her to yaw off. But as there is 
plenty of Sea-room, it is not deemed necessary to make any allowance for that in this day’s work. (See 
the Remarks on this subject at page 190.) ‘ ; 

When the wind came fair last night the Course was shaped as above, from the position of the Ship at 
that time, in Latitude 39° 44’ N., and Longitude 30° 56’ W. Then a ruler placed over the Ship’s place 
on the Chart and over that of St. John’s, gives the True Course N. W. by W.# W., and allowing 24 points 
Variation to the right, gives the Compass Course required to steer N. W.4N., and the Distance 1050 
miles; or the same may be found by Case 2d, in Middle Latitude or Mercator’s Sailings. In this case, 
the Latitude in at 9 P. M. being 39° 44’ N., and Longitude 30° 56’ W. 

In the Table of Positions is found St. John’s, Latitude 47° 34’ N., Longitude 52° 45' W. This gives the 
True Bearing N. 64 W., or N. W. by W. £ W., nearly, and the Distance 1050, same as the Chart, 

In like manner, the Bearing and Distance is found to-day at Noon to be N. 63° W., or N. W. by W.2 W., 
nearly, by Compass, Distance 830 miles. 
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From Santa Cruz, (Cape Verdes,) towards St. John’s, Newfoundland. 


H. | K. |H.K.| COURSES. WINDS.  [L. W. REMARKS, SUNDAY, MARCH 26TH, 1854. 
1 | 15 : N.W.3N.| S. by W. P.M. Heavy Southerly gale and a high topping sea running, 
9 15 “ “ 4 
3 15 1 “ “ 
4/15/] 1 S S. W. by S. At 4h, more moderate ; wind inclining to Westerly. 
5 | 16 1 i, a Set the reefed 8S. M. sail and mizen topsail. 
6 16 1 6“ “ 
7 16 “ “ 
g | 16 “ “ At 8h, the rain ceased, and the weather made an attempt to clear up. 
9 16 it4 “ 
10 | 16 : ¢ . At 9h 40m Mer. Alt. #& Regulus. Lat, in 42°59’ N. ) Mean 48° 5/N. 
11 | 16 $ . _ | Same time the Alt. of Pole ¥. Lat.in 43°11’ N. tS R. 42° 25'N. 
12 | 16 . "4 Midnight. Blowing hard; vessel shipping much water on deck ; 
1116 «“ a , pumps car efully attended every 4 hours. 
9 16 : “ “ 
8 16 i “ “ : 
4] 16 i 4 At 4 A.M, Mer. Alt. Antares, Lat. in 48° 46’ N. ) Mean 48° 53’/N. 
5 | 16 + . Same time the Alt. of Polar %*. Lat.in44° 0'N.{ D. R.43° 8’N. 
6 | 16 : - At 6h, gale moderating and the sea falling. Out close reefs of the 
7 | 16 Pe “ topsails and set the jib. 
8 | 15 ¥ s At 8h, obs. an Alt, of the Sun. Long. in by Chron. 41° 12' W. 
9. 15 e : Weather set in thick again, with mizzling rain. 
10 | 15 K . The temperature of the Sea-water at Noon was found to be the 
OD ed sc See same as that of the air, 55°. 
12 


15 . | “ Noon. Do. weather. Sun obscure. ) 

. | | True bearing of St: John’s, N. 69° W. ,Distance 468 miles. 
D. Lat.| Dep. Lat. D.R. 44° 1'N.|Dif. Lov. 7° 46’W.|Lon. Chr. 42° 94'W.| Bar. 29.05 
162 N.|342W.| Lat. Obs. 44 46 N.| Lon. D.R.42_58W.|D. R. sin. yest. 42° 58’W.|Ther. 55° 


% 
= 
Kod 


Variation | Course | Dist. 
24 pts.W.IN.65°W) 378. 


The Variation allowed on this day’s work is 2+ points Westerly. 

At 9h 40m P. M., the Meridian Altitude of the Star Regulus was observed to the Southward, and at 
the same time am Altitude of the Polar Star was observed to the Northward. The Mean of the two Lati- 
tudes so fourd, compared with that by the Dead Reckoning, places the Ship 40’ to the Northward of the 
Dead Reckoning 

And at 4 A. M. ., the Mendian Altitude of Antares was observed to the Southward, at the same time the 
Altitude of the Pole Star was observed to the Northward. The Mean of the two ’ Latitudes places the 
Ship 45' to the Northward of the Dead Reckoning. These Observations may not be very accurate. on 
account of the obscurity of the horizon and ihe heavygsea running, together with the difficulty of making 
the Observations, but are sufficiently near to act as a warning that the “Dead Reckoning is in error, and by 
taking Stars Nor th and South of the Meridian the errors in the Observation are very much diminished, 


For instanee, the Difference in the two Latitudes given by Altitudes of Antares and the Pole Star is 146 


but the Mean of the two Latitudes is taken. 


es 


The Sun’s Altitude was.also obtained about 8 o'clock in the morning, and by using the corrected Lati- 


tude in finding the Time, we get the Longitude by Chronometer as above, and which places the Ship 33' 


of Longitude to the Eastward of the Dead Reckoning. These errors in the J.atitude and Longitude so’. 


found, shows that the Ship’s Course made good is about 1 point further to the Northward than the Course 
by Compass makes her; she has, therefore, been run off. 

The Barometer having fallen to 29. 5. and the weather at Noon assumed a very threatening appearance, 
we may look for a continuance of the gale. 


The Ship i is now approaching the Eastern edge of the Polar Current, in which we may expect to find 


large masses of Ice, brought down by it from the Polar regions. Ona Ship entering this current the temper- 
ature of the Sea water will be found to fall about 20°, and may be easily: ascertained by drawing a bucket 
of water from alongside and plunging the Thermometer into it. (See the Remarks on Currents and the 
Use of the Thermometer, at page 82.) bin . 

The position of the Ship by Observation being laid off on the Chart, the bearing of St. John’s’is found 


to be W. by N. 2.N. 5 24 points Variation allowed on that gives the ; > earing by Ganieahs 'N . W., Distance 
468 miles. ‘ . 
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The Clipper Ship Dauntless, W. Griffen, Commander. 


H, | K. | H.K.| COURSES. WINDS. L. W. REMARKS, MONDAY, MARCH 27 ru, 1854. 
1} 16! 1\IN.N.W3W,| South. At 1 P. M, temperature of the Sea-water 50°, Air 52°, 
ie eS fad oa . at Wind backed into the Southward, and the gale increased. 
3117 «“« “ At 1h 30m, temperature of the Sea-water 40°, Air 42°, 
4/17 ; At 4h, it fell to 35°. Ship was then in the strength of the 
Be x ¢ Polar Current. 
6 | 17 ¥ 6 At 6h, blowing excessively hard. Close-reefed the topsails and 
Px) 104 e31 < ¢ handed the courses and jib. — 
gh Ma AO De a * At 8h, the temperature fell to 33° in the water, and at the same 
9 | 10 (i if time an Iceberg was seen ahead of the Ship. Hauled up and 
10 | 10. $6 passed to windward of it. 
11 9 a &“ At 11h, furled the mizen-topsail. 
1 al es pe | “ 6“ Midnight. Ship running under easy sail, and a bright lookout 
Nal es erie é g kept for ice. wh 
A Rie 0 Wy . At 2 A.M, passed another large berg. 
- 3 | gl 1 “ 6c 
4 | 8 1 4 “ At 4h, weather more clear. Set the reefed foresail. 
5 12 1 119 “ ‘ 
6 16 : « At 6h, out close reefs and set the reefed mainsail, jib and -mizen- 
7 | 16 « “ topsail. 
8 | 16 # He Ship passing a great many Ivebergs. 
9 | 16 if = 
10 | ve “ ‘“ Noon. Thick fog and heavy rain. Close-reefed the topsails and 
ll | 17 “ “ furled the courses. Passed several fields and detached pieces 
12 | 149 %s Pe SSW of ice. . 

Current South by Compass 14 knots. St. John’s 8. 89° W., (true,) or W. N. W. by Comp., dist, 194 miles. 
Variation | Course | Dist. | D. Lat. Dep. {Lat. D.R.47° 87'N. Dif. Lon. 5° 36'W.)Long. Chro.“ “ |Bar, 29.10 
2 pts. W. |N.54°W.| 290] 171 N. | 234 W. iLat. Ob... .. Rake D.R.48 34 W.|D. R. sinve yes- |Ther. 34° 

| iéerday 48° 3 W. 


The Magnetic Variation not having been observed to-day, it is taken from the Chart, which gives 2 
points Westerly. 

By the deerease in the temperature of the Sea-water, as noted above, the Ship evidently entered the 
Polar Current soon after mid-day, the Set of which is about South by the Compass, or 8. S. E. (true,) and 
its Drift 14 knots an hour. It being desirable to get to the Northward of thé Parallel of Latitude of St. 
John’s before the wind shifts to the N orthward, a Course must be shaped for that purpose. By reference 
to the Ship’s place on the Chart, aN. W. 2 W. True Course, and Distance 300 miles, would place her to- 
morrow at Noon near the Eastern edge of the Great Bank, in the Parallel of Latitude required. But to 
make this Course good, we must allow for the Set and Drift of the Current as follows: The Set of the 
Current being nearly in a contrary direction to the required Course, we take their Difference, 22 points, as 
a Course, and the Drift, 14 knots, as a Distance, which gives the Departure, 7-tenths. Then the average 
rate of sailing, say 13 knots an hour, (which the vessel is expected to make next 24 hours,) as a Distance, 
and with 7-tenths as a Departure, find the Course, 3°, or Fof a point, which subtracted from the given 
Course, N. W. $ W., gives the required Course N.W. + W. ; the Variation, 2 points W., allowed, gives the 
Compass Course required to steer N. N. W. 4 W.- (See the Rule in Current Sailing, page 30, Case 3d.) 

The Ship has passed many Icebergs to-day, and on her approach to them the Thermometer was found 
to fall to 32°, nearly, but rose 3° after having passed them. ‘The Mean temperature of the Sea-water in 
the Polar Current appeared to be 35°. 

The wind haying backed into the Southward again, an omen of bad weather, the sail on the Ship was re- 
‘luced to the close-reefed topsails before night-fall, and a vigilant lookout kept during the night for Icebergs, 
as they can be seen at a considerable distance in dark weather, if a good lookout is kept for the glare or 
reflection, which isa peculiar kind of phosphorus light which surrounds them. ’ 

At Noon, a dense fog with heavy rain came on, and as the Barometer is rising, it indicates a shift of. 
wind to the Northward. It was, therefore, deemed prudent to put the Ship under low canvas, in case of 
a sudden shift; besides, according to the Dead Reckoning; she is to the Northward of the Parallel of 
Latitude of the intended port. . 

The Bearing of St. John’s at Noon to-day is S. 89° 


: W., or W. N. W. by Compass, nearly, distant 194 
miles, 
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From Santa Cruz, (Cape Verdes,) towards St. John’s, Newfoundland. 


COURSES. WINDS. .W. REMARKS, TUESDAY, MARCH 287TH, 1854. 


N. W.by N| W.S. W. P.M. Dense fog, with mizzling rain. Wind inclining to West- 
“ Z erly. No ice , visible. 

Bent the cables and got the anchors on the gunwale. 

At 4h, sounded in 60 fathoms, Temperature of the Sea-water 34°, 
Air 36°. 

At 6h, blowing excessive hard and heavy sea on. 

Wore ship with her head to the Southward, Furled the fore and 
mizen topsails, and hove to under the main-topsail. 

At 9h, less wind anda heavy fall of rain. 

At 10h, the wind changed suddenly to the Northward, in a tre- 
mendous rain squall, * 

At Midnight, blowing hard, but the weather clearing up. 

At 1A. M., set the fore and mizen topsails, 

At 2h, set the reefed courses and spanker, 

At 3h, out double reefs and set tup-gallant-sails and jib. 

At 4h, Mer. Alt. of 3@ Antares, Lat. in 47° 29’ ) Mean 47° 84’ N. 

Same time Alt. of Polar 3. Lat. in 47° 397 7) R. 47° 35’ N. 

At Sunrise, Mag. Varia, Obs. was 23° Westerly. 

Out all reefs and checked in the weather braces. 

At8 A. M.,, Long. in by Chron. 51°18’ W. D. R. 50° 58’ W. 

St. John’s harbor bears W. N. W. by Compass, distant 60 miles. 

At 10h, the land was seen in that direction. 

11 At 11h, made out Signal Hill, bearing W. N. W., distant 5 leagues. 

12 | (15 | Noon. Ship close in with Fort Amherst. Received on board a 
Current South by Compass 14 knots. | Pilot, and proceeded into port. 


Vari’n| Course | Dist. D Lat. Dep. |Lat. D. R. 47° 34'N.|Dif. Lon.’ 4° 25’ | Long. Chron. 52° 48’ W,|Bar.28.90 
2 pt.W.| 8.89° W177 | 3’ S. [177 W.iLat. Obs. 47 84 N.JLon. D.R. 52 59 W.|D.R. sin. yest. 52 28 W.iTher, 45° 


1 
2 
3 
a 
5 
6 
7 
8 
9 
10 


At 1 P.M. came to with the small bower anchor in 8 fathoms water, abreast of the town of St. John’s. Furled 
sails and moored ship, with 45 fathoms cable on each bower anchor, aud sent down top-gallant yards. Midnight. 


Heavy rainsqualls from the N. W. This day’s work ends with and contains 36 hours, in order to commence “the 
Harbor Log. 


On referring to the above Log, it will be noticed that the Ship ran to the N. W. by N. until 4 P. M., 
when soundings were obtained in 60 fathoms water, on the North Eastern edge of the Great Bank of New- 
foundiand, and at 6 P. M: she was wore round with her head to the South ward, and hove to under the 
close-reefed main- topsail for the night, on account of the dense fog which prevailed, in case of meeting 
with ice; and also with the view of being on the proper tack should a sudden shift of wind from the 
Northward take place during the night time. i 

At 9 P.M. the gale began to moderate, and heavy showers of rain fell, the usual precursor of a violent 
and sudden shift of wind. The Barometer now began to rise rapidly, and at. 10, a squall from the North- 
ward struck the Ship, and blew with great fury for about two hours, and she luffed up to the wind on the 
same tack, and sail was made as the wind moderated. 

Par i sky having now cleared up, the opportunity was taken of finding the Latitude by Observation at 4 

. M., from the ‘Meridian Altitude of Antares to the Southward, and the Altitude of the Polar Star to the 
pee he The Mean of the two Latitudes so found agrees with that by Dead Reckoning, and places 
the Ship in the parallel of Latitude of the intended port, 47° 34’ N.; consequently, it bears W. N. W. by 
Compass, but we must steer + a point. more to the Northward, in order to make the necessary allowance 
for Leeway and Currents. 

At Sunrise, the Magnetic Variation was observed to be 23° W., and at 8 A. M. the Longitude by Chro- 
nometer, as above, is found to be 20’ to the Westward of that by Dead Reckoning since last Observation, 
and by a case of Par aliel Sailing, or by the Chart, St. Jonn’s is found to bear true West, or W. N. W. by 
@ompass, distant 60 miles. 

At 10 A. M., High Land was discovered ahead, and at 11 the buildings on Signal Hill, and Fort 
Amherst, at the entrance of St. John’s Harbor, were distinctly made out, and at Noon : she closed with the 
entrance ‘of the Harbor, and took a Pilot on board. Thus making the Passage from Port to Port in 12 
days 6 hours, and sailed a distance of 2977 miles. 

In working up this day’s work, the allowance for the Set and Drift of the Current, as above, (S. S. E. 
true, 36 miles in 24 hours,) must be inserted in the Traverse Table, along with the other Courses and 
Distances, and the result of the day’s work will be une as above. 
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TABLE L—DIFFERENCE O¥ LATITUDE AND DEPARTURE FOR ? POINT. 1 


North + East. North } West. South $ East. South + West. 
i Dist.) Lat. Dep. | Dist. Lat. Lat. | Dep. Lat. | Dep. | Dist. Lat. | Dep 
F 1101.0 61} 60.9 120.91 05.9 180.8: 08.9 | 241 | 240.71 11.8 
pS | OR, 62] 61.9 121.9 | 06.0 181.8} 08.9 | 242 | 241.7] 11.9 
f «31:08. 63} 62.9 3 | 122.9 | 06.0 182.8 | 09.0 | 2438 | 242.7 | 11.9 
r 6 4 | 04.0 64] 63.9 123.9 | 06.1 183.8 | 09.0 | 244 |} 248.7 | 12.0 
3 | 05.0 65} 64.9 124.8 | 06.1 184.8 | 09.1 | 245 | 244.7 | 12.0 
6 | 06.0 66! 65.9 26 | 125.8 | 06.2 185.8 | 09.1-] 246 | 245.7 | 12.1 
7 | 07.0 671° 66.9 126.8 | 06.2 186.8 | 09.2 | 247 | 246.7 | 12.1 
r 88} 038.0 68 | 67.9 127.8 | 06.3 187.8) 09.2 | 248 | 247.7) 12.2 
1 89] 09.0 69} 68.9 128.8 | 06.3 188.8 | 09.3 | 249 | 248.7 | 12.2 
» 10} 10.0 70| 69.9 129.8 | 06.4 189.8 | 09.8 | 250 | 249.7 | 12.3 
11} 11.0 71} 70.9 130.8 | 06.4 190.8 | 09.4 | 251 | 250.7 | 12.3 
12} 12.0. Peat F1,9 2| 131.8 | 06.5 191.8 | 09.4 | 252 | 251.7 | 12.4 
f 13/138.0 73} 72.9 182.8 | 06.5 192.8 | 09.5 | 253 | 252.7 | 12.4 
H 14) 14.0 74) 73.9 185.8 | 06.6 193.8 | 09.5 | 254 | 253.'7 | 12.5 
h 15] 15.0 a} 74.9 134.8 | 06.6 194.8 | 09.6 | 255 | 254.7 | 12.5 
F 16] 16.0 T6437 75.9 >| 185.8 | 06.7 195.8 | 09.6 | 256 | 255.7 | 12.6 
f 17) 17.0 T+! 76.9 156.8 | 06.7 196.8 | OY.7 | 257 | 256.7 | 12.6 
f 418| 18.0 T81: 77.9 137.8 | 06.8 197.8} 09.7 | 258 | 257.7 | 12.7 
p19 19.0 9}: 78.9 138.8 | 06.8 198.8 | 09.8 | 259 | 258.7 | 12.7 
H 20} 20.0 80] 79.9 139.8 | 06.9 199.8 | 09.8 | 260 | 259.7 | 12.8 
A 21) 21.0 Slt} 80.9 140.8 | 06.9 200.8 | 09.9 | 261 | 260.7 | 12.8 
fF 22 |.22.0 2) 81.9 141.8 | 07.0 201.8 | 09.9 | 262 | 261.7 | 12.9 
1 23 | 23.0 83] 82.9 142.8 | 07.0] ° 202.8 | 10.0 | 263 | 262.7 | 12.9 
R24) 24.0 84} 83.9 143.8 | 07.1 203.8 | 10.0] 264 | 263.7 , 
E25 | 25.0 85] 84.9 144.8 | 07.1 | 2( 
26 | 26.0 86 | 85.9 )| 145.8 | 07.245 205.8 | 10.1 | 266 | 265.7 | 13.1 
97 | 27, 871 86.9 146.8 | 07.215 206.8 | 10.2 | 267 | 266.7 |.13.1 
p28] 28.0 88 | 87.9 147.8 | 07.8 207.7 | 10.2 | 268 | 267.7 | 13.2 
29:4':29.0 89} 88.9 148.8 | 07.3 208.7] 103] 26 ; 


149.8 | 07.4]: 


150.8 | 07.4 
151.8 | 07.5 
152.8 | 07.5 
153.8 | 07.6 
154.8 | 07.6 
50 | 155.8 | 07.7 1 5 
156.8 | 07.7 |: 


t | I | T-  _ | 


f 31|31.0 


212.71 10.5 | 2 
213.7 | 10.5 | 274 
214.7, 10.5 | 27 
215.7 | 10.6 | 2 


Cs 
~) 
Gs Gs CS G 


riS Oe Gow 


216.7 | 10.6 | 277 


e 
~ 

h 29 2.2 0.5 f° 

Sn a 


33 | 38. 93} 97.9 157.8 | 07.81 218 | 217.7: 10.7 | 278 
29 | 39. 99} 98.9 158.8 | 07.8| 219 | 218.7] 10.7] 2 
10 | 40.0 | 02.01 100}. 99.9 159.8 | 07.9 919.7 |10.8| 280 
3 -— Oe ——E~ wwe i ef 
41 | 41.0 101 | 100.9 160.8 |07.9 290.7 | 10.8 | 281 
| 42) 41.9 1021 101.9 161.8 107.9 991.7 | 10.9 | 282 
3 | 42.9 


162.8 | 08.0 
163.8 | 08.0 
164.8 | 08.1 


4: ‘ 3 | 102.9 
44) 45.9:}.02.21 104 | 103.9 
45 | 44.9. }.02.2 1 105 | 104.9 


: 13.0 
204.8 | 10.1] 265 


46) 45.1) 106 | 105.9 165.8 | 08.1 225.7 | 11.1] 286 
47) 46.9 IT | 106.9 166.8 | 08.2 226.7 | 11.1 | 287 
48}47.9 108 | 107.9 167.8 | 08.2 227.7} 11.21 288 
49 | 43.9 109 | 108.9 168.8 | 08.3 | 229 | 228.7 | 11.2] 289 
50 | 49.9 110} 109.9 169.8 | 08.3 | 230 | 229.7 | 11.3 | 290 
51 | 90.9 LiL} Li0.9 170.8 | 08.4 | 231 | 250.7 |:.11.3]2 

| 52) 901.9 Li2) 111.9 171.8 | 08.4 | 232 | 231.7 | 11.4] 292 

| 53 | $2.9 | 02.6) 113 | 112.9 172.8 | 08.5 | 233 | 232.7 | 11.4] 293 | 2 
54 | 03.9 | 02.6) 114] 113.9 178.8 | 08.5 | 234 | 233.7 | 11.5 | 294 
55 | 54.9 | 02.71 115 | 114.9 5 | 174.8 | 08.6 | 235 | 284.7 | 11.5} 295 
515 | 55.9 | 02.7] 116 | 115.9 3 | 175.8 | 08.6 | 236 | 235.7 | 11.6 | 296 
97 | 96.9 7| 116.9 | | 176.8 | 08.7 | 237 | 236.7 | 11.6] 29 
58 | 07.9 | 02.8] 118 | 117.9 177.8 | 08.7 | 238 | 237.7 | 11.7] 298 
59 | 58.9 | 02.97 119 | 118.9 9 | 178.8 | 08.8 | 239 | 238.7 | 11.7] 299 
60 | 59.9 | 02.9} 120} 119.9 | 05.9 | 180 | 179.8 | 08.8 | 240 | 239.7 | 11.8] 300 
Dist.| Dep.{ Lat. | Dist.| Dep. | Lat. | Dist.| Dep. | Lat. | Dist.;| Dep. | Lat. Dist. | Dep. Lat. 


East + North. Kast-¢ Sonth. 


[For 7% Pts.] West + North. ‘ West + South. 


2 TABLE I—DIFFERENCE OF LATITUDE AND DEPARTURE FOR + POINT. 


North } East. North 4 West. South} East. South 4 West. 
Dist.| Lat Lat. Dist.| Lat. | Dep. | Dist.) Lat. ‘Dist. 
1) 01.0} 00.1 60.7 120.4] 11.9] 181 | 180.1 
2 | 02.0 | 00.2 61.7 121.4 | 12.0] 182) 181.1 
3 | 03.0 | 00.3 62.7 122.4 | 12.1} 183 | 182.1 
4.| 04.0 | 00.4 63.7 123.4 | 12.2 | 184 | 183. 
5 | 05.0 | 00.5 64.7 124.4 | 12.3] 185 | 184.1 
6 | 06.0 | 00.6 65.7 125.4' 12.4] 186 | 185.1 
7 | 07.0 | 00.7 66.7 126.4 12.4]187) 186.1 
8 | 08.0 | 00.8 67.7 127.4 22.51}188 | 187.1 
9 | 09.0 | 00.9 68.7 128.4 189 | 188.1 
10 | 10.0 | 01.0 69.7 129.4 190 | 189.1 
11] 10.9} 01.1 70.7 130.4 190.1 
12) 11.9) 01.2 71.7 131.4 19m 
13} 12.9 | O01. 72.6 132.4 192.1 
14] 13.9 | 01.4 73.6 133.4 193.1 
15| 14.9 | 01.5 74.6 134.5 194.1 
16 | 15.9 | 01.6 73.6 135.38 >} 195.1 
17 | 16.9 | OL.7 76.6 136.3 196.1 
18| 17.9 | 01.8 77.6 137.8 197.0 
19| 18.9.) 01.9 78.6 138.5 198.0 
20 | 19.9 | 02.0 79.6 159.5 | | 199.0 |. 
21 | 20.9 | 02.1 80.6 140.3 200.0 
22 | 21.9 | 02.2 81.6 141.3 2 | 201.0 
23 | 22.9 | 02.3 3} 82.6 142.3 202.0 
24 | 25.9 | 02.4 83.6 145.3 203.0 
P25 | 24.9 | 02.5 84.6 144.3 204.0 
|} 26 | 25.9 | 02.5 85.6 )| 145.5 205.0 | 2 
1 .27 | 26.9 | 02.6 86.6 146.3 206.0 
§§ 28 | 27.9 | 02.7 87.6 147.5 207.0 
29 | 28.9 | 02.8 88.6 148.5 208.0 
30 | 29.9 | 02. 89.6 149.3 209.0 
31 | 30.9 | 03.0 90.6 150.3 210.0 
32 | 31.8 | 03.1 91.6 151.3 211.0 
33 | 32.8 | 03.‘ 92.6 152.3 212.0 
34 | 33.8 | 03.3 93.5 153.38 213.0 
35 | 34.8 | 03. 94.5 154.3 214.0 
36 | 55.8 95.5 155.2 215.0 
37 | 36.8 96.5 156.2 216.0 
38 | 37.8 97.5 157.2 217.0 
59 | 538.8 98.5 158.2 217.9 
40 | 359.8 : 99.5 159.2 218.9 
41 | 40.8 | 04.0 100.5 160.2 219.9 
42)41.8 101.5 161.2 220.9 
3 | 42.8 102.5 162.2 221.9 
44) 45.8 103.5 163.2 222.9 
45 | 44.8 104.5 164.2 D.| 223.9} 2 
46 | 45.8 | 04.57 106 | 105.5 165.2 224.9 
47 | 46.8 | 04.6] 107 | 106.5 166.2 225.9 | 22 
48 | 47.8 | 04.7] 108 | 107.5 167.2 226.9 
49 | 48.8 | 04.8] 109 | 108.6 168.2 227.9 
50 | 49.8 | 04.9 109.5 169.2 228.9} 2 j 
51 | 50.8 | 05.0 110.5 170.2 229.9 | 22.6 | 291 | 289.6 | 28.5 
52 | d1.7 | 05.1 111.5 171.2 230.9 | 22.7 | 292 | 290.6 | 28.6 
53 | 52.7 | 05.2 112,5 172.2 231.9 | 22.8 | 293 | 291.6 | 28.7 
54 | 53.7 | 05.8 113.5 173.2 232.9 | 22.9 | 294 | 292.6 | 28.8 
55 | 54.7 | 05.4 114.4 174,2 3D | 233.9 | 23.0 | 295 | 293.6 | 28.9 
56 | 55.7 | 05.5 >| 115.4 175.2 } | 234.9 | 23.1 | 296 | 294.6 | 29.0 
57 | 56.7 | 05.6 116.4 176.1 235.9 | 25.2 | 297 | 295.6 | 29.1 
58 | 57.7 | 05.7 117.4 LTA 236.9 | 23.3 | 298 | 296.6 | 29.2 
59 | 58.7 | 05.8 118.4 178.1 237.8 | 23.4 | 299 |-297.6 | 29.5 
60 | 59.7 | 05.9 119.4 | 238.8 | 23.5} 300 | 298.6 | 29.4 
| Dist.| Dep. | Lat. | Dep. Dist: | Dep. | Lat. Dep. | Lat. } Dist.| Dep. | Lat. 
East 4 North. East$South. [For 74 Pts] West } South. 


| West + North. 


TABLE I.—DIFFERENCE OF LATITUDE AND DEPARTURE FOR & POINT. 
North 2 East, - North } West. South 2 Hast. South 2 West. 


Dist. | Lat. Dep. | Dist.} Lat. | Dep.| Dist.| Lat. Dep. | Dist. Lat. | De 4 
01.0 60.3 | 09.0] 121 | 119.7} 17.81 181 | 179.0 | 26.6 1241 | 238.4 | 35. 
02.0 61.3/ 09.1 | 122 120.7 /17.9 152] 180.0 | 26.7] 242 239.41: 
03.0 62.3 | 09.2] 123 | 121.7 | 18.0] 183 | 181.0 | 26,9 | 243 | 240.4 | 5 


0-4.0 
04.9) 


124 | 122.7 | 18.2 
125 | 123.6 | 18.3 


63.3 | 09.4 
64.3 | 09.5 


184 | 182.0 | 27.0 
185 | 183.0) 27.1 
186 | 184.0 | 27.3 


3 

3 

5) 
244 241.4] 35. 
1245 242.3) 3 


9) 05.9 65.3 | 09.7 | 126 | 124.6 | 18.5 1246 | 243.3 | 36.1 
06.9 66.3 | 09.8 | 127 | 125.6 | 18.6] 187] 185.0 | 27.4] 247 | 244.3 | 36.2 


O79 67.3 | 10.0} 128 | 126.6 | 18.8) 188 | 186.0 | 27.6 | 248 | 245.8 | 36.4 


08.9 | 68.3 | 10.1] 129 | 127.6 | 18.9] 189 | 187.0 | 27.7] 249 | 246.3 | 36.5 
00.9 69.2] 10.3 | 130 | 128.6 | 19.1] 190 | 187.9 | 27.9 | 250 | 247.3 | 36.7 
10.9 70.2 | 10.4] 151 | 129.6 | 19.2] 191 | 188.9 | 28.0] 251 | 24.3 | 36.8 
11.9 71.2] 10.6] 32 | 130.6 | 19.4] 192 | 189.9 | 28.2 | 252 | 949.3 137.0 


12.9 72.2| 10.7 | 133 | 181.6 | 19.5} 193 | 190.9 28.3 | 253 | 250.3 | 37.1 
13.8 73.2 | 10.9] 134 | 182.5 | 19.7] 194 | 191.9 | 28.5 | 254 | 951.3 | 37.8 


14.8 74.2] 11.01 135 | 133.5 | 19.8] 195 | 192.9 | 28.61 255 | 252.9 | 37.4 
15.8 79.2 | 11.21 136 | 184.5 | 20.0] 196 | 193.9 | 28.8 | 256 | 253.9 | 37.6 


16.8 
‘17.8 


137 | 185.5 | 20.1 
138 | 156.5 | 20.2 


197 | 194.9 | 28.9 | 257 | 254.91 37.7 
198 | 195.9 | 29.1 | 258 | 255.2 | 37.9 


76.2) 11.8 
77.2} 11.4 


13.8 78.1} 11.6} 189 | 187.5 | 20.4] 169 | 196.8 29.2 | 259 | 256.2 | 38.0 
19.3 79.1) 11.7 | 140 | 188.5 | 20.5 | 206 | 197.8 | 29.3 | 260 | 257.2 | 88.1 


20.8 80.1) 11.9) 141] 189.5 | 20.7] 201 | 188.8 | 29.5 1261 | 258.9 | 38.3 
2/215 Sl.) 12.0] 142 | 140.5 | 20.8 | 202 | 199.8 | 29.6 
141.5 | 21.0 


1262 | 259.2 | 38.4 
) 
o 


29'8 203 | ~00.8 | 29.8 1268 1260.2 


23.7 142.4 | 21.1} 204 | 201.5 | -9.9 | 2641 261.1 | 38.7 
24.7 143.4 | 21.3 | 205 | 202.8 | 80.1 | 265 | 262, 1 | 38.9 
>| 25.7 144.4 | 21.4 | 206 | 208.8 | 30.2 | 266 | 263.1 | 39.0 
26.7 145.4 | 21.6 | 207 | 204.8 | 30.4 | 267 | 264.1 | 39.2 


27.7 
28.7 


208 | 205.7 | 30.5 | 
209 | 206.7 | 30.7 


268 | 265.1 | 89.3 
1269 | 266.1 | 39.5 


h).7 148.4 | 22.0 | 210 | 207.7 | 30.8 | 270 | 267.1 | 39.6 
30,7 149.4 | 22.2} 211 | 208.7 | 31.0] 271 | 268.1 | 39.8 | 
31.7 150.4 | 22.3 | 212 | 209.7 | 31.1 | 272 | 260.1 | 39.9 | 
32.0 151.3 | 22.4 210.7 | 31.38 | 273 | 270.0} 40.1 § 
33.6 152.3 | 22.6 211.7 | 81.4] 274 | 271.0] 40.2: § 
34,6 153.3 | 22.7 212.7 | 31.5.| 27 

30.6 154.8 | 22.9 213.7 | 31.7 | 276 | 273.0 | 40.5 
36.0 155.3 | 23.0 214.7 | 31.8 | 277 | 274.0 | 40.6 
37.6 156.3 | 23.2 215.6 | 32.0 | 278 | 275.0 | 40.8 


38.6 
39.6 


276.0 | 40.9 
277.0 | 41.1 


275 | 272.0 | 40.4 


40.6 159.5 | 23.6] 5 218.6 | 32.4 | 281 | 278.0 | 41.2 

2|41.5 160.2 | 23.8 | 222 | 219.6 |.32,6 | 282 1278.9 | 41.4 
42.5 161.2 | 23.9 | 223 | 220.6 | 82.7] 288 279.9 141.5 
43,5 162.2 | 24.1 221.6 | 52.9 | 284 


44.5 163.2 | 24.2 222.6 | 33.015 281.9 | 41.8 


45.5 164.2 | 24.4 | 226 | 223.6 | 33.2 | 286 | 282.9 | 42.0 
46.5 165.2 | 24.5 287 | 283.9 , 42.1 


224.5 |3 


280.9 | 41.7 


3.9 
47.5 166.2 | 24.7 2205.5 | 33.9 | 288 | 284.9 | 42.3 
48.5 167.2 | 24.8 | 229 | 226.5 | 33.6 | 289 | 285.9 | 42.4 
49.5 168.2 | 24.9 227.5 | 33.7 | 290 | 286.9 | 42.6 
50.4 169.1 | 25.1 228.5 | 33.9 | 291 | 287.9 | 42.7 
51.4 170.1 | 25.2 229.5 | 34.0 | 292 288.8 | 42.8 
52.4 171.1 | 25.4 230.5 | 34.2 | 293 | 289.8 | 43.0 
OO.4 172.1 | 25.5 231.5 | 34.3 | 294 | 290.8 | 43.3 
D4.4 173.1 | 25.7 232.5 | 34.5 | 295 [291.8 | 43.3 
Dd.4 174.1 | 25.8 233.4| 34.6 | 296 | 292.8 | 43.4 
n7 | 564 LToSAgeow 234.4 | 34.8 | 297 | 293.8 | 43.6 
58 | 57.4 176.1 | 26.1 235.4 | 34.9 | 298 | 294 8 | 43.7 
59 | 58.4 177.1 | 26.8 236.4 | 35.11 299 | 295.8 | 43.9 
60 | 59.4 178.1 | 26.4 237.4 | 35.21 300 | 296.8 | 44.0 


Dist.| Dep. | Lat. | Dist. 
East } North. a East $ South. 


Dep. 


[Wor Ft Pts, 


Dep. | Lat. 


West ? North. 


Dist.| Dep. | Lat. 
West $ South. 


TABLE L_DIFFERENCE OF LATITUDE AND DEPARTURE FOR 1 POINT. 
North 0, East. North b. West. South /, East. South 5. West. 
Lat. 
177.5 | 35.3 
178.5 | 35.5 


Dep. | Dist.}| Lat. | Dep. 


121 | 118.7 | 23.6 
122] 119.7 | 23.8 


Dist. Lat. 
1} OL.0 
2 | 02.0 | ¢ 


Dep.} Dist.| Lat. 
6L | 59.8) 11.9 
62} 60.8; 12.1 


3 | 02.9 63} 61.8 | 12.8 | 123 | 120.6 | 24.0 179.5 | 85.7 1 ¢ 
4| 03.9 64] 62.8/12.5] 124] 121.6 | 24.2 180.5 | 35.9 |: 
5 | O44) | | 651 68.8 | 12.7 | 125.| 122.6 | 24.4 181.4 |36.1]5 
6| 05.9 66| 64.%| 12.9] 126 | 123.6 | 24.6 182.4 | 36.3] § 
7 | 06.9 67| 65.7) 138.1] 127 | 124.6 | 24.8 183.4 | 86.5 
8 | 07.8 “681 66.7] 13.3} 128 | 125.5 | 25.0 3|184.4136.7 
9 | 08:8 | « 69| 67.71 13.5} 129 | 126.5 | 25.2 185.4136.9]5 
10 | 09.8 70} 68.7 | 13.7] 130 | 127.5 | 25.4 186.3 | 37.1 


187.3 | 387.3 
188.3 | 87.5 
189.3 | 37.7 
190.3 | 87.8 
191.3 | 38.0 |: 
192.2 | 88.2 
193.2) 38.4 


Tl | 69.6 | 13.9 
72| 70.6) 140 
73| 71.6} 14,2 
74) 72.6) 14.4 
75| 73.6 | 14.6 
76| 74.5})14.8 
Ti | 75.5 115.0 


131 | 128.5 | 25.6 
182 |.129.5 | 25.8 
138 | 180.4 | 25.9 
134] 151.4] 26.1 
135 | 182.4 | 26.5 
136 | 135.4 | 26.5 
137 | 134.4 | 26.7 


LSUEFT 78} 76.5 | 15.2] 188 | 135.3 | 26.9 194.2 | $8.6 
19 | 18.6 79 | 17.5 | 15.4] 189 | 186.3 | 27.1 195.2 | 38.8 
201 19.6 80]. 78.5 | 15.6] 140 | 137.3 | 27.3 196.2 |.39.0 
21 | 20.6 81 | 79.4115.8)141 | 188.3 | 27.5 197.1 | 39.2 
22} 21.6 321 80.41 16.0] 142 | 189.3 | 27.7 198.1} 39.4 
23 | 22.6 83] 81.4] 16.2}148 | 140.3 | 27.9 |: 199.1 | 39.6 | 263 
24 | 23.5 84| 82.4] 16.4] 144] 141.2) 28.1]5 200.1 | 39.8} 26 
25 | 24.5 85| 83.4] 16.6] 145 | 142.2 | 28:3 201.1 | 40.0 
26 | 25.5 86| 84.3116.8] 146 | 143.2 | 28.5 3 | 202.0 | 40.2 
27 | 26.5 87 | 85.3 | 17.0} 147 | 144.2 | 28.7 203.0 | 40.4 


268 | 262.9 |52.3 
269 1263.8 /52.5 | 
270 | 264.8 | 52.7 | 


88} 86.3} 17.2 
89} 87.5) 17.4 
90) 83.3 | 17.6 
91") 89.38/17.8 
92) 90.2] 17.9 
3} 91.2)18.1 
94) 92.2/18.3 
95 | 93.2) 18.5 
96) 94.2) 18.7 
97 | 95.1 |}18.9 
98| 96.1/19.1 
99 | 97.1119.3 
100] 98.1 ]19.5 


148 | 145.2 | 28.9 204.0 | 40.6 
146.1 | 29.1 205.0 | 40.8 
147.1 | 29.3 | « 206.0] 41.0 


148.1 | 29.5 206.9 | 41.2 
149.1 | 29.'7 |< 207.9 | 41.4 
150.1 | 29.8 208.9 | 41.6 
151.0 | 30.0 209.9 } 41.7} 
152.0 | 30.2 210.9) 41.9 
153.0 | 30.4} 
154.0 | 30.6 
155.0 | 380.8 
155.9 | 31.0 
156.9 | 31.2 


279 | 273.6 
280 | 274.6 | 54.6 


315.8 | 42.9 


41 | 40.2 101) 99.1) 19.7 157.9 | 31.4 | 221 | 216.8 | 43.1 | 281 | 275.6 | 54.8 
42/1 41.2 102 | 100.0 | 19.9 | 162 | 158.9 | 31.6 | 222 | 217.7 | 48.3 | 282 | 276.6 | 55.0 
f 43) 42.2 103 | 101.0 | 20.1 | 163 | 159.9 | 31.8 | 223 | 218.7 | 48.5 | 283 | 277.6 | 55.2 
14 | 45,2 1 104 | 102.0} 20.38] 164 | 160.8 | 32.0 | 224 | 219.7 | 48.7 | 284 : 278.5 | 55.4 
$5 | 44.1 105 | 103.0 | 20.5 | 165 | 161.8 | 82.2 | 225 | 220.7 | 43.9 | 285 | 279.5 | 55.6 
36 | 40.1 106 | 104.0 | 20.7 | 166 | 162.8 | 82.4 | 226 | 221.7 | 44.1 | 286 | 280.5 | 55.8 
{7 | 46.1 107 | 104.9 | 20.9] 167 | 163.8 | 32.6 |} 227 | 222.6 | 44.3 | 287 | 281.5) 56.0 
48 | 47.1 108 | 105.9 | 21.1] 168 | 164.8 | 82.8 | 228 | 223.6 | 44.5 | 288 | 282.5 | 56.2 
49} 48.1 9} 109 | 106.9 | 21.3] 169 | 165.8 | 83.0 | 229 | 224.6 | 44.7 | 289 | 283.4 | 56.4 
50 | 49.0 110 | 107.9 | 21.5] 170 | 166.7 | 88.2 | 230 | 225.6 | 44.9 1290 284.4 156.6 | 
51 | 50.0 108.9 | 21.7] 171 | 167.7 | 33.4 | 231 | 226.6 | 45.1] 291 | 285.4 |56.8 
52 | 51.0 109.8 | 21.9] 172 | 168.7 | 33.6 | 232 | 227.5 | 45.3 | 292 | 286.4 | 57.0 
53 | 52.0 3| 110.8 | 22.0] 173 | 169.7 | 83.8 | 233 | 228.5 | 45.5 | 298 | 287.4 | 57.2 
04 | 53.0 | 10.5) 114] 111.8 | 22.2] 174| 170.7 | 33.9 | 234 | 229.5 | 45.7] 294 | 288.4 | 57.4 
99 | 038.9 | 10.7] 115 | 112.8 | 22.4] 175 | 171.6 | 84.1 | 235 | 230.5 | 45.8 | 295 | 289.38 - 57.6 
5H | 54.9 116 | 113.8 | 22.6] 176 | 172.6 | 34.3 | 236 | 231.5 | 46.0 | 296 | 290.8 57.7 
57 | 55.9 117} 114.8 | 22.8] 177 | 178.6 | 84.5 | 237 | 232.4 | 46.2 | 297 | 291.8 57.9 
58 | 56.9 118 | 115.7 | 23.0] 178 | 174.6 | 84.7 | 238 | 233.4 | 46.4 | 298 | 292.3 | 58.1 


| 59 | 57.9 | 11.5] 119} 116.7 | 23.21179 | 175.6 | 34.9 
60 | 58.8 | 11.7] 120 | 117.7 | 23.4] 180 | 176.5 | 35.1 


Sj | Ee ee 


239 | 234.4 146.6 
240 | 235.4 


299 | 293.3 | 58.3 


46.8] 300 | 294.2 |.58.5 


Lat. | Dist.| Dep. | Lat. | Dist.| Dep. | Lat. | Dist. Dep. | Lat. | Dist.| Dep. Lat. 
Tas - North. —_ East _b. South, [For 7 Pts.] West b. North. West 6. South. 
rar SEAS SEL SCS SSE Ser : oa 


TABLE I.—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 1} POINTS. 


Lat. 
175.6 
176.5 
L745 
178.5 | « 
179.5 
>| 180.4 
181.4 


233.8 
242 | 234.7 
235.7 
236.7 
237.7 
¥| 238.6 
239.6 
240.6 
241.5 
242.5 
ol | 2438.5 
244.4 
245.4 
246.4 
247.4 
5 | 248.3 
249.3 
$:} 250.3 
2012 
2532 
254.1 
255e1 
256.1 
257.1 
§ | 258.0) 
259.0 
260.0 
260.9 
261.9 
“| 262.9. 
272 | 263.8 
264.8 | 
265.8 
266.8 
>| 267.7 
268.7 
269.7 
270.6 
271.6 
272.6 
DY QT3& 
Q74:5 
275.5 
276.5 
» | 277.4 
278.4 
279.4 
280.3 


——}| —_——_——_—- | —___—_—_——_—_f ——————_ | lO 


145.5 | 36.4 
146.5 | 36.7 
147.4 | 36.9 
148.4 | 37.2 
149.4 | 37.4 
150.4 137.7 
151.5 | 37.9 
152.8 | 38.1 
153.3 | 88.4 
154.2 | 58.6 
155.2 | 388.9 


161 | 156.2 | 39.1 
162) 157.1 | 39.4 
163} 158.1 | 89.6} 22 
164) 159.1 | 59.8 
165 | 160.1 | 40.1 
166 | 161.0) 40.3 | § 


169 | 163.9 | 41.1 
170 | 164.9 | 41.3 


171 | 165.9 | 41.5 282.3. 

172| 166.8 | 41.8 283.2 

173 | 167.8 | 42.0 284.2 

174| 168.8 | 42.3 285.2 

175 | 169.8 | 42.5 5 | 286.2 

176 | 170.7 | 42.8 96 | 287.1 

5 | 28.41.177 | 171.7 | 43.0 288.1 

118 | 114.5 | 28.7] 178 | 172.7 | 43.3 | 2¢ 289.1 
119| 915.4/ 28.9] 179 | 173.6 | 43.5 290.0 
120| 116.4 | 29.2] 180 | 174.6 291.0 


5 


North . East + East. North 4. West + West. South d. Hast $ Kast. South 6. West ¢ West. | 


is 7 Lat. |. Dep. 4 


58.6 
58.8 


59.3 
59.5 
59.8 
60.0 
60.3 
60.5 


60.7 | 


61.0 
61.2 
61.5 
61.7 
62.0 
62.2 
62.4 
62.7 
62.9 
63.2 


63.4 
63.7 
63.9 
64.1 
64.4 
64.6 
64.9 
65.1 
65.4. 
65.6 
65.8 
66.1 
66.3 
66.6 
66.8 
67.1 
67.5 


281.3| 70.2 
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6 TABLE I—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 1} POINTS. 


North 5. East $ Enst. 


01.0 
01.9 
02.9 
03. 


el eee = ——_—————————— |x ji———_| 


North 4. West + West. 


South bd. East } East. 


South bd, West + West. 


Lat. . | Dist.| Lat. | Dep. Dist.| Lat. | Dep. | Dist.) Lat, 

58.4 121 | 115.8 | 35.1 aatare 52.5 | 241 | 2 

59.3 .O} 122} 116.7 | 35.4] 182 | 174.2 | 52.8 | 242 | 231.6 

60.3 | 18.31 123 | 117.7 | 35.71 183 | 175.1 | 53.1 1243 | 232.5 

61.2} 18.6] 124) 118.7 | 36.0} 184] 176.1 | 53.4 | 244 | 233.5 

62.21 18.9] 125 | 119.6 | 86.3] 185 | 177.0 | 53.7 | 245 | 284.5 

63.2 | 19.2] 126 | 120.6 | 36.6] 186 | 178.0 | 54.0 | 246 | 235.4 

64.1} 19.4] 127 | 121.5 | 86.9 } 187 | 178.9 | 54.3 | 247 | 236.4 ; 
65.1 | 19.7] 128 | 122.5 | 87.2] 188 | 179.9 | 54.6 | 248 | 237.8 | 72. 
66.0 | 20.0 | 129 | 123.4 | 37.41189 | 180.9 | 54.9 | 249 | 238.3 | 72. 
67.0 | 20.3] 130 | 124.4 | 37.71 190] 181.8 | 55.2 | 250 | 239.2 | 72. 
67.9 125.4 | 38.0] 191 | 182.8 | 55.4 | 251 | 240.2 | 72.9 
68.9 126.8 | 38.3 | 192 | 1838.7 | 53.7 | 252 | 241.1 |-73.2 
69.9 127.3 | 38.6] 198 | 184.7 | 56.0 | 2538 | 242.1 | '73,4 
70.8 128.2 | 38.9] 194 | 185.6 | 56.3 | 254 | 243.1 | 73.7 
71.8 129.2 | 39.2] 195 | 186.6 | 56.6 | 255 | 244.0 | 74.0 
rea >| 130.1 | 39.5 | 196 |:187.6 | 56.9 | 256 | 245.0 | 74.8 
73.7 131.1 | 39.8] 197 | 188.5 | 57.2 | 257 | 245.9 | 74.6 
74.6 1382.1 | 40.1] 198 | 189.5 | 57.5 | 258 | 246.9 | 74.9 
75.6 133.0 | 40.3] 199 | 190.4 | 57.8 | 259 | 247.8 | 75.2 
76.6 134.0 | 40.6 | 200 | 191.4) 58.1 | 260 | 248.8 | '75.5 
ato 134.9 | 40.9 | 201 | 192.3 | 58.3 | 261 | 249.8 

73.5 135.9 | 41.2 | 202 | 193.3 | 58.6 | 262 | 250.7 

79.4 186.8 | 41.5 | 208 | 194.3 | 58.9 | 263 | 251.7 

80.4 137.8 | 41.8 | 204 | 195.2 | 59.2 | 264 | 252.6 

81.3 138.8 | 42.1 ] 205 | 196.2 | 59.5 | 265 | 253.6 j 
82.3 139.7 | 42.4 | 206 | 197.1 | 59.8 | 266 | 254.5 | 77.2 | 
83.3 140.7 | 42.7 1207 | 198.1 | 60.1 | 267 | 255.5 | 77.5 | 
84.2 141.6 | 43.0] 208 | 199.0 | 60.4] 268 | 256.5 | 77.8 
85.2 142.6 | 43.3 | 209 | 200.0 | 60.7 | 269 | 257.4; 78.1 3 
86.1 143.5 | 43.5 1210 | 201.0] 61.0 258.4 | 78.4 § 
87.1 144.5 | 43,8] 211 | 201.9 | 61.8] 271 | 259.3 | 78.7 
88.0 145.5 | 44.1 1212 | 202.9 | 61.5 | 272 | 260.3 | 79:0 
89.0 146.4 | 44.4 | 213 | 203.8 | 61.8 | 273 | 261.2} 79.2 
90.0 147.4.| 44.7 ] 214 | 204.8 | 62.1 | 274 | 262.2 | 79.5 
90.9 148.3 | 45.0 | 215 | 205.7 | 62.4 | 275 | 263.2 | 79.8 
91.9 149.3 | 45.3 ] 216 | 206.7 | 62.7 | 276 | 264.1 | 80.1 
92.8 150.2 | 45.6 | 217 | 207.7 | 63.07] 277 | 265.1 | 80.4 
93.8 151.2 | 45.9 | 218 | 208.6 | 63.8 | 278 | 266.0 | 80.7 
94.7 152.2 | 46.2 | 219 | 209.6 | 63.6} 279 | 267.0 | 81.0 | 
95.7 153.1 | 46.4 | 220 | 210.5 | 63.9 | 280 | 267.9} 81.8 | 
96.7 154.1 | 46.7 | 221 | 211.5 | 64.2] 281 | 268.9 | 81.6 
97.6 155.0 | 47.0 | 222 | 212.4 | 64.4 | 282 | 269.9 | 81.9 
98.6 156.0 | 47.3 | 223 | 213.4 | 64.7 | 283 | 270.8 | 82.2 
99.5 9} 47.6] 224 | 214.4 | 65.0 | 284 | 271.8 | 82.4 
100.5 5.| 215.3 | 65.3 | 285.12'72.'7 | 82.7 
101.4 216.3 | 65.6 | 286 | 273.7 | 83.0 
102.4 217.2 | 65.9 | 287 | 274.6 | 83.3 
103.3 ‘ 218.2 | 66.2 | 288 | 275.6 | 83.6 
104.3 | 31.6 219.1 | 66.5 | 289 | 276.6 | 83.9 
105.3 | 81.9 220.1 | 66.8 | 290 | 277.5 | 84.2 
106.2 | 32.2 221.1 | 67.1 | 291 | 278.5 | 84.5 
107.2 | 82.5 222.0 | 67.38 | 292 | 279.4 | 84.8 
108.1 | 32.8 223.0 | 67.6 | 293 | 280.4 | 85.1 
109.1 | 33.1 223.9 | 67.9 | 294 | 281.3 | 85.3 
110.0 | 33.4 224.9 | 68.2 | 295 | 282.3 | 85.6 
111.0)33.7 } | 225.8 | 68.5 | 296 | 283.3 | 85.9 
112.0} 34.0 226.8 | 68.8 | 297 | 284.2 | 86.2 
112.9 | 54.3 227.8 | 69.1 | 298 | 285.2 | 86.5 
113.9 | 34.5 228.7 | 69.4 | 299 | 286.1 86.8 
114.8 | 54.8 229.7 | 69.71 300 | 287.1 | 87.1 
Dep, | Lat. Dep. | Lat | Dist.} Dep. , Lat. 


East North East } East. East South East} East. [For 6} Pts] West North West 2 West. West South West } West. 
. = ee Ex —Z a a =e = z se 


North b. East $ East. North 5. West # West. 


_ TABLE I—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 12 POINTS. 


South b. East ¢ East, 


Kj SS | I I I I | 


Lat. 


170.4 
171.4 
172.3 
173.2 
174.2 


»| 175.1 


176.1 
177.0 
178.0 
178.9 


179.8 
180.8 
181.7 
182.7 
5 | 183.6 
>| 184.5 
185.5 
186.4 
187.4 
188.5 


189.5 
190.2 
191.1 
192.1 
193.0 


>| 194.0 


a 
=" 


° 


194.9 


31 195.8 
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206.2 
207.1 


208.1 
209.0 
| 210.0 
210.9 
211.8 
212.8 
213.7 
214.7 
215.6 
216.6 


217.5 
218.4 
219.4 
220.3 
221.3 
222.2 
223.1 
224.1 
225.0 
226.0 


| Dist. Dep. | Lat. ! Dist. Lat. ! Dist. Dep. 


ist.! Dep. 


}. East North East} East. East South East $ East. 


] West North West West. West South West 4 West. 


South bd. West $ West. 
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TABLE L—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 2 POINTS. 
North North East. North North West. South South East. South South West. 


Lat. | Dep. 


56.4 | 23.8 
57.3 | 23.7 [15 
58.2 | 24.1} 
59.1 | 24.5 
60.1 | 24.9 
61.0] 25.8 
61.9 | 25.6 
62.8 | 26.0 
63.7 | 26.4 
61.7} 26.8 

65.6 | 27.2 
66.5 | 27.6 


| Dist. | Lat. Dep. 


112.7 | 46.7 
115.6 | 47.1 
114.6 | 47.5 
115.5 | 47.8 
116.4 | 48.2 
117.5 | 48.6 
3 118.8 |49.0 


Dk Orb Oo Oo = 
oS 
St) 
~t 
& 
a 
a 


11/ 10.2} 04.2 
12| 11.1 | 04.6 


13 | 12.0 | 05.0 67.4 | 27.9 122.9:| 50.9 178.3 
14} 12.9} 05.4 68.4.) 28.5 123.8 | 51.3 179.2 


15 | 13.9] 05.7 
16 | 14.8 | 06.1 
17| 15.7 | 06.5 
18 | 16.6 | 06.9 72.1|29.8 
19| 17.6] 07.3 73.0: 30.2 
20| 18.5 | 07.7 73.9 | 30.6 
21 | 19.4 | 08.0 74.8 | 31.0 
| 22 | 20.3 | 08.4 75.8| 31.4 


69.3 | 28.7 
70.2) 29.1 
71.1} 29.5 


} 23 | 21.2 | 08.8 76.7 | 31.8 132.1 | 54.7]: 187.5 
# 24.| 22.2 | 09.2 77.6| 32.1 133.0 | 55.1 188.5 
j 25 | 23.1 | 09.6 73.5 | 32.5 | 134.0 | 55.5 189.4 
F 26 | 24.0 | 09.9 79.5 | 32.9 134.9 | 55.9 190.3 
Q7 | 24.9 | 10.8 80.4 | 33.3 135.8 |. 56.3 191.2 
fH 28 | 25.9 | 10.7 3] 81.8) 383.7]- 136.7 | 56.6 |< 192.2 
} 29:| 26.8) 11.1 | 82.2) 384.1 137.7 |57.0 193.1 


103.3 | 
103.7 | 
104.1 | 
.2| 104.5 } 
17 104.9 
105.2 
105.6 | 
: 55.9 | 106.0 
278 | 256.8 | 106.4 | 
8 | 279 | 257.8 | 106.8 | 
£241 280. | 258.7 | 107.2] 


—i 


85.1 | 54,4 


84.1} 34.8 
85.0 | 35.2 
85.9 | 35.6 | 
86.8 | 36.0 
87.8 | 36.4 
88.7 | 36.7} 
89.6 137.1 | 
90.5} 387.5), 155 
91.5.|37.9} 158 


' 92,4)38.3] 


138.6 | 57.4]: 
151) 139.5 | 57.8 
D2 | 140.4 | 58.2 
141.4 | 58.6 
142.3 | 58.9 
143.2 | 59.3 
144.1 | 59.7 |: 
145.0 | 60.1 | * 
| 146.0 | 60.5 
146.9 | 60.8 
147.8 | 61.2]* 


1 3027.7) 11.5 
1 31 | 28.6 | 11.9 
t 32| 29.6] 12.2 
| 33 | 30.5 | 12.6 


1 41) 37.9 | 15.7 93.3138.7 | 148.7: 61.6 2 84.6} 281 | 259.6 1107.5 
4 4238.8] 16.1]102} 94.2 |39.01162 | 149.7 162.0 205.1] 85.0 | 282 | 260.5 | 107.9 | 
A 43) 39.7)16.51103) 95.2)39.4 | 163 | 150.6 | 62.4] 223 | 206.0:185.3 | 283 | 268.5 | 108.3) 
| 44/40.7/}16.8}104] 96.1 }39.8]164] 151.5 | 62.8 | 224 | 206.91 85.7 | 284.1 262.4 | 168.7} 
| 451 41.6117.21105] 97.0] 40.2] 152.4 | 63. 207.9 | 8641 | 285 | 263.3 1109.1 | 
46 | 42.5]17.6 97.9 | 40.6] 153.4 | 63.5 1226 | 208.8 | 86.5 | 286 | 264.2 | 109.4 F 
AY | 43.41 18.0 98.9 | 40.9} 154.3 | 63.9 | 227 | 209.7 | 86.9 | 287 | 265.2 1109.8 | 
48 | 44.3/18.4]108} 99.8] 41.31 155.2 | 64.3] 228 | 210.6 | 87.3 | 288 | 266.1 | 110.2 § 
49 | 45.3 | 18.8} 109 | 100.7 | 41.7 156.1 | 64.7 | 229 | 211.6 | 87.6 | 289 | 267.0 | 110.6 | 
50 | 46.2 | 19.1}110] 101.6 | 42.1 157.1 |. 65.1 | 230 | 212.5 | 88.0 | 290 | 267.9 | 111.0] 


291 | 268.8 | 111.4 | 
292 }269.8/111.7§ 
293 |} 270.7 | 112.1 | 
294 | 271.6) 112.5} 
295 | 272.5 | 112.94 
296 | 278.5 1113.34 
297 | 274.41113.7] 
298 | 275.3 | 114.08 
299 | 276.2:| 114.4 
221.7 | 91.8] 300 | 277.2 | 114.8 
Dep. | Lat. | Dist.| Dep. 
East South East. [For 6 Pts. _ West North West. West South West. 


213.4} 88. 
214.3 | 88.8 
215.31 89,2 
216.2} 89.5 
217.1} 89.9 
218.0 | 90.3 
219.0 | 90.7 
219.9} 91.1 
220.8 | 91.5 


158.0 | 65.4 
158.9 | 65.8 
159.8 | 66.2 
160.8 | 66.61]: 
161.7 | 67.0 
162.6 | 67.4 | + 
163.5 | 67.7 
164.5,| 68.1 


| 571 52.7 | 21.8 
58 | 53.6 | 22.2 
59 | 54.5 | 22.6) 118 165.4 | 68.5 | 23 
60 | 55,4) 23.0; 120 | 110.9 | 45.9 166.3 | 68.9 

Dist.| Dep. | Lat. | Dist. Dep. | Lat. | Dist.} Dep. | Lat. 

East North East, 


TABLE I.—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 23 POINTS. 


9 


) North North East? East. North North West4 West. South South East 2 East. South South West + West. 


Dist.|~ Lat. Dep. 


1100.9 
£2101.8 

' 3102.7] 01.8 
f 4) 03.6] 01.7 
1 5104.5} 03.1 
1 61 05.410 

| 7/068 

W 8107.2 

| 9108.1 

10 | 09.0048 
111/09.9 

12] 10.8 

113] 11.8 

H14| 12.7 

115 | 13.6 

#16) 14.5 

N17 | 15.4 

118 | 16.3 
119|17.2 

120} 18.1 

121 119.0] 09.0 
1221 19.9} 09.4 
123 | 20.8 | 09.8 
P24) 21.7110.3 
| 25 | 22.6) 10.7 
1 265 | 23.5) 11.1 
fo? | 24.41 11.5 
128 | 25.3| 12.0 
W229] 26.2)'12.4 
130 | 27.1) 12.8 
131} 28.0}13.3 
132 | 28.9) 13. 
133|29.8}14.1 
134 |30.7| 14.5 
135 |} 31.6| 15.0 
136 | 32.5| 15.4 
137 | 33.4.|15.8 
138] 34.4 | 16.2 
139] 35.3 | 16.7 
f 20) 36.21 17.1 
1 £11 37.1] 17.5 
| 42 | 38.0] 18.0 
143) 38.9] 18.4 
1 44|39.8} 18.8 


145 | 40.7] 19.2 
j 46 | 41.6) 19.7 
_ {47} 42.5] 20.1. 
148 | 43.4 | 205 
44.3 | 21.0 
1 50 | 45.2 | 21.4 
151) 46.1] 21.8 
#52 147.0 | 22.2 
47.9 | 22.7 
48.8 | 23.1 
49.7 | 23.5 
50.6 | 23.9 
51.4 | 24.4 
52.4 | 24.8 
53.3 | 25.2 
54.21 25.7 


Dist.| Lat. | Dep. Dist.) Lat. 


a ae Seth va Dep.. 


Dist. “Lat. Dep. 


55.1 | 26.1]. 121 | 109.4 | 51.7] 181 | 163.6] 77.4] 241 | 217.9 | 103.0 
56.0} 26.5 |.122] 110.3 | 52.2 | 182] 164.5] 77.8] 242 | 218.8] 103.5 
57.0 | 26.9 | 123} 111.2] 52.6 | 183]165.4| 78.2]243 | 219.7 | 103.9 
57.9 | 27.4| 1241.112.1 | 53.0| 184] 166.3 | 78.7] 244 | 220.6 | 104.8 
58.8 | 27.8} 125] 113.0 | 53.4] 185] 167.2} 79.1] 245 | 221.5] 104.8 
59.7 | 28.2| 126 | 113.9 | 53.91 186 | 168.1} 79.5 | 246 | 222.41 105.2 
60.6} 28.6] 127} 114.8 | 54.3] 187 | 169.0] 80.0] 247°] 223.8] 105.6 
61.5| 29.1] 128) 115.7} 54.7] 188 |} 169.9] 80.4] 248 | 224.2 | 106.0 
62.4 | 29.5] 129) 116.6] 55.2] 189 }170.9] 80.8 1249 | 225.1 | 106.5 
63.3 | 29.9 | 130 |}117.5 | 55.6 1190 (171.8] 81.21250 | 226.0| 106.9 
64.2 | 30.4| 181} 118.4| 56.01191)172.7| 81.71251 | 226.9 | 107.3 | 
65.1 | 30.8} 1382 | 119.3 | 56.4} 192 | 173.6) 82.1] 252 | 227.8 | 1oT7 
66.0 | 31.2} 133 | 120.2 | 56.9] 193 }174.5| 82.5] 253 | 228.7] 168.2 
66.9 |31.6| 184} 121.1 | 57.3811941175.4| 82.9] 254 | 229.6| 108.6 
67.8 182.1] 135 | 122.0 | 57.7] 195 1176.3 83.4] 255 | 230.5 | 109.01 
68.7 | 82.5 | 136 | 122.9 | 58.1} 196 | 177.2} 83.8] 256 | 231.4 | 109.5 
69.6 | 32.9| 137} 123.8 | 58.61197/178.1| 84.2] 257] 232.3 1109.9 
70.5 | 33.3] 138 | 124.8] 59.0] 198 }179.0| $4.7} 258 | 233.21110.8 
9} 71.4] 83.8} 139 | 125.7| 59.4] 199} 179.9} 85.1] 259 | 234.1 | 110,71 
80] 72.3 | 34.2 | 140 | 126.6 | 59.9 | 200 | 180.8] 85.5 | 260 | 235.0} 113.21 
Si} 73.2|84.6| 141 | 127.5 | 60.3 | 201 | 181.7] 85.9] 261 | 235.9 | 111.6 | 
s2| 74.1] 35.1] 142 | 128.4 | 60.7 | 262 } 182.6 | 86.4 (262 | 236.81 112.0} 
75.0| 35.5} 143 129.3] 61.1 | 203 | 183.5 | 86.8} 263 | 997.7 | 112.4 
75.9 | 35.9} 144 | 130.2 | 61.6] 204) 184.4] 87.2964 1 298.71112.9 
76.8 | 86.3 | 145 |131.1 | 62.0 | 205 | 185.3] 87.61265 | 239.6] 113.8 
77.7, | 36.8] 146 | 132.0 | 62.4] 206 | 186.2] 88.11266] 210.5] 113.7 | 
"78.6 | 37.2 | 147 | 132.9 | 62.9 | 207 | 187.1 | $8.5 1267 | 241.41 114.2 | 
79.6 | 37.61 148 | 133.8 | 63.3 188.0] 88.9} 268 | 242.31114.69- 
80.5 | 38.1 | 149 | 134.7 | 63.7] 209 | 188.9] £9.4]269 | 248.2] 115.6 
81.4] 38.5] 150 | 135.6 | 64.1] 210] 189.8} 89.81270 | 244.1] 115.44 
82.3,| 38.91 151} 136.5 | 64.6] 211 | 190.7) 90.2127 115.9 
83.2 | 39.3] 152 | 137.4. | 65.0 | 212] 191.6] 90.6 i 
84.1] 39.8] 153 | 188.3 | 65.4]213| 192.5] 91.1 
85.0 | 40.2]154 | 189.2 | 65.8 193.5| 91.5 
85.9 , 40.61155 | 140.1 | 66.3 194.4] 919 
86.8 | 41.01 156 | 141.0 | 66.7] 216 | 195.8| 92.4 
87.7 | 41.51 157,| 141.9 ]67,1 196.2] 92.8] 27 
88.6 | 41.9 1.158 | 142.8 | 67.6 197.1} 98,.2]2 
89.5 | 42.3115 | 143.7] 68.0 198.0} 93.6]2 
90.4 | 42.8] 160 | 144.6 | 68.4 198.9| 94.1}2 
91.3 | 43.2] 161 | 145.5 | 68.8 199.8| 945/281 
92,2 43.61 162 | 146.4 | 69.8 1222 | 200.7] 94.91 282 | 25 
93.1 | 44.01 163 |147.4 | 69.7 201.6} 95.3 | 28: 
94.0| 44.51 14} 148.3 | 70.1 202.5] 95,8 | 26 
94,9|}44 91165 | 149.2 | 70. 203.41 96.2] 282 
95.8 | 45.5 1166 | 150.1] 71. 51204.3] 96.6]2 122.3] 
96.7 | 45.71 167 | 151.0] 71.4 | 227 1205.2} 97.1] 2 
97.6 | 46.21 168 | 151.9} 71. 206.1] 97.5 
98.5 | 46.6 | 169 | 152.8 | 72.3 | 229.| 207.0] 97.9] 2: 
99.4 | 47.0] 170 | 153.7 | 72. | 207.9] 98.3 
100.3 | 47.5] 171 | 154.6 | 73.1] 231/208.8] 98.8 
101.2 | 47.9} 172 | 155.5 | 73.5 | 282 | 209.7] 99.2 
102.2 | 48.3] 173 | 156.4 | 74.0 210.6| 99.6 
103.1 | 48.71 174 | 157.3 | 74.4 | 234 | 211.5 | 100.0 
104.0 | 49.21175 | 158.2 | 74.8 | 235 | 212.4 
104.9 | 49.6] 176 | 159.1 | 75.2 | 236 | 213.3 
105.8 | 50.0] 177 | 160.0 | 75.7 | 237 | 214.2 
106.7 | 50.5 | 178 | 160.9 | 76.1 | 288 | 215.1 
119 | 107.6 | 50.9] 179 | 161.8 | 76.5 | 239 | 216.1 
0| 108.5 | 51.8} 180 | 162.7 | 77.0 | 240 | 217.0 


Dist.| Lat. 


b 4| 03.5 


6 | 05.3 
7 | 06.2 
8 | 07.1 
9 | 07.9 
j 10 08.8 


111| 09.7 
412) 10.6 
#13} 11.5 
14} 12.3 


Pi6| 14.1 
p17 | 15.0 
#18} 15.9 
F119 | 16.8 


4.1 30.0 
135 | 30.9 
3631.7 


!Dist.| Dep. 


1 | 00.9 
2/ 01.8 
3 | 02.6 


5 | 04.4 


¥15| 13.2 


1 20 | 17.6 


Lat. 


106.7 | 57 


107.6 
108.5 


109.4 | 5 
110.2) 5 
111.1)5 
112.0 | 5 


Ibe.9 


115.5 | 6 


116.4 
117.8 


118.2 | 63.2 
119.1 | 65.6 


| “10 TABLE I. — DIFFERENCE OF LATITUDE AND ‘DEPARTURE FOR Oh POINTS, 


North North East 4 East. North North West} West. South South East + East. South South West4 West. 


D. Dist. | Lat. 


159.6 


182; 160.5 
183 | 161.4 
184 | 162.5 
185 | 165.2 
186 | 164.0 
187 | 164.9 
3} 165.8 | 
31189 | 166.7 
5] 190 | 167.6 


North East b. ae East. 


Dep. 


168.4 


169.3 


170.2 
pg Be 
172.0 
172.9 


5} 197 | 173.7 


174.6 


199 | 175.5 


176.4. 
Li:3 


302 178.1 
203 | 179.0 
204 | 179.9 
a5 180.8 


182, 6 
183.4 


209 | 184.3 
210 | 185.2 
£24211 | 186.1 
7 | 212 | 187.0 
213 | 187.8 
5] 214) 188.7 


189.6 
190.5 


7 | 191.4 


192.5 


193.1 
194.0 


194.9 


222] 195.8 
196.7 


197.6 
198.4 
199.3 


200.2 


201.1 
202.0 


202.8 


203.7 
204.6 
° } 233 205.2) o 
234 | 206.4 


ae 236 207.8 


208.1 


209.0 
238 | 209.9 
157.9 | 84.4] 23¢ 
158.7 S49 : 


2 eA) 5 : ic) 
> ~ WW 2 zt 
st 
rie) z 
mn t ON t ON t 
DY S| is 
>| T 
fan 
' o 
Oow |= 


Dist. / Dep. | Lat. 
South East b. Bast $ Ee [For 53 Pis.] North West >. Wast $ West. South West 6. West 4 West.§ 


TABLE I—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 2t POINTS. 11° 


North North East East. North NorthWest #West. 


South South Eas! $ East. South SouthWest = West. 


148.64 % 


Dist.) Li _Dep. | Dist. _Dep. | Dist. | Dep. ; Dist. Lat. | Dep. { Dist.} Lat. , Dep. 
1 8} 62.2) 181 | 155.2| 98.1] 241 | 206.7 | 123.9 
2 .6 | 62.7} 182 | 156.1| 93.6 [242 | 207.6 | 124.4 
3 63.2 | 183] 157.0} 94.1]243 | 208.4 | 124.9] 
4 63.7 | 184| 157.8} 94.6] 244 | 209.8 | 125.4] 
5 64.3 | 185 | 158.7| 95.1 | 245 | 210.1 | 126.0] 
6 64.8] 186} 159.5) 95.6] 246 | 211.0 | 126.5 
1 7 65.3 | 187 | 160.4| 96.1 | 247 | 211.9 | 127.0 
8 65.8|188| 161.3) 96.7] 248 | 212.7 | 127.5 
9 }| 66.3] 189 | 162.1} 97.2] 249 | 213.6 | 128.0] 
10 66.8] 190 | 163.0| 97.7] 250 | 214.4 | 128.5 | 
11] 67.3] 191) 163.8| 98.2] 251 | 215.3 | 129.0 
112 67.9 | 192 | 164.7] 98.7] 252 | 216.1 | 129.6 
113 68.4 165.5| 99.2] 253 | 217.0] 180.1 
4 68.9 166.4| 99.7 | 254 | 217.9] 130.6] 
15 69.4 167.3 | 100.3 | 255 | 218.7} 131.1 
116 69.9 | 196 | 168.1 | 100.8 | 256 | 219.6 | 131.6 | 
117 70.4 169.0 | 101.8 | 257 | 220.4 | 132.1} 
118 70.9 169.8 | 101.8 | 258 | 221.3 | 132.6 
19 71.5 170.7 | 102.3 | 259 | 222.2 | 133.2 | 
1 24) 72.0 171.5 | 102.8 | 260 | 223.0 | 133.7 
121 12.5 | 172.4 | 103.8 | 261 | 223.9 | 134.2 | 
| 22 73.0 173.3 | 108.8 | 262 | 224.7 | 134.7 
123 13.5 174.1 | 104.4 | 263 | 225.6 | 135.2 | 
24 74.0 175.0 | 104.9 | 264 | 226.4] 135.7 | 
25 14.5 175.8 | 105.4 | 265 | 227.3 | 136.2 
Q6 75.1 | 206 | 176.7 | 105.9 | 266 | 228.2 | 136.8 
27 75.6 177.5 | 106.4 | 267 | 229.0 | 137.3 
28 76.1 178.4 | 106.9 | 268 | 229.9 | 137.8 | 
$29 76.6 179.3 | 107.4 | 269 | 230.7 | 138.3 | 
130 rire 180.1 | 108.0 | 270 | 231.6 | 138.8] 
31 17.6 181.0 | 108.5 | 271 | 232.4 | 139.3 | 
32 78.1 181.8 | 109.0 | 272 | 233.3 | 139.8 
33 78.7 182.7 | 109.5 | 273 | 284.2 | 140.4 
134. 79.2 183.6 | 110.0 | 274 | 235.0 | 140.9 | 
35 19.7 184.4] 110 5] 275 | 235.9 | 141.4 
36 80.2 185.3 | 111.0] 276 | 236.7 | 141.9 | 
37 80.7 186.1 | 111.6] 277 | 237.6 | 142.4] 
138 81.2 187.0 | 112.1 | 278 | 238.4 | 142.9} 
139 81.7 187.8 | 112.6 | 279 | 239.38 | 143.4 | 
1 40 82.3 188.7 | 113.1] 280 | 240.2 | 143.9 | 
| 41 82.8 189,6| 118.6] 281 | 241.0| 144.5 J 
| 42 83.3 | 222 | 190.4 | 114.1 | 282 | 241.9 | 145.049 
43 3.8 191.8] 114.6] 283 | 242.7 | 145.575 
144 84.3 192.1 | 115.2] 284 | 243.6 | 146.0 F 
| 45 84.8 193.0 | 115.7] 285 | 244.5 | 146.5 | 
| 46 85.3 193.8 | 116.2 | 286 | 245.3 | 147.09 
147 85.9 194.7 | 116.7 | 287 | 246.2 | 147.5 [- 
148 86.4 195.6 | 117.2} 288 | 247.0 | 148.1 
49 86.9 196.4 | 117.7] 289 | 247.9 
50 87.4 197.3 | 118.2] 290 | 248.7 | 149.0 > 
51 87.9 198.1] 118.8 291 | 249.6 149.6} = 
152 88.4 199.0 | 119.3 | 292 | 250.5 |. 15071 fro: 
153 88.9 199.9 | 119.8] 298 | 251.3) 150.6 
54 89.5 200.7 | 120.3 | 294.| 252.2 | 151-1: 
55 90.0 201.6 | 120.8 | 295 | 2538.0 151.7 
156 90.5 202.4 | 121.3 | 296 | 253,9 | 152.2 
157 91.0 203.3 | 121.8 | 297 |.254.7 | 152.7 | 
58 91.5 204.1 | 122.4]298| 255.6 | 153.2 
159 92.0 205.0 | 122.9 | 299 | 256.5 | 153.7 
160 92.5 205.9 | 123.4 | 800.) 257.3 | 154.2 
Dist Lat. Dep. | Lat. IDist.| Dep... | Lat: 


North East 5. East + East. South East 5. East} Kost. (For §¢ Pts.] North Westh. West? West South West 6. West + West. 24 


12 TABLE 1—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 3 POINTS. 


North East b. North. North West 0. North. South East 4. South. South West 5, South. 
Dist.) Lat. | Dep. | Dist.| Lat. | Dep. | Dist.) Lat. | Dep. | Dist.| “Lat. _ | Dist.| Lat. | Dep. 
1100.8 | 00.6} 61 | 50.7 |83.9 100.6 | 67.2 241 | 200.4 | 183.9 
b 2/ 01.7) 01-1} 62/51.6 101.4] 67.8 242 | 201.2 | 1384.4 
| 3/02.5/01.7] 63/524]: 102.3] 68.3 243 | 202.0 | 135.0 | 
4.| 03.3 | 02.2] 64/53.2 103.1| 68.9 244 | 202.9 | 135.6 
1 5/04.2/ 02.8] 65 | 54.0 103.9| 69.4 245 | 203.7 | 136.1 
| 6/05.0| 03.3] 66 | 54.9 104.8} 70.0 246 | 204.5 | 186.7 
L 7/05.8| 03.9] 67 | 55.7 105.6 | 70.6 247 | 205.4 | 137.2 
8 | 06.7 | 04.41 -68 | 56.5 106.4] 71.1 248 | 206.2] 187.8] 
| 9107.5| 05.0] 69] 57.4 107.3] 71.7 249 | 207.0 | 188.8 
1 10/ 08.3} 05.6] 70| 58.2 108.1) 72.2 158.0 | 105.6 | 250 | 207.9 | 138.9 } 
#11 /09.1|06.1] 71] 59.0 108.9| 72.8 251 | 208.7 | 189.4} 
12| 10.0 | 06.7] 72159.9 109.8 | 73.3 252 ' 209.5 | 140.0 | 
113| 10.8] 07.2] 73] 60.7 110.6} 73. 253 | 210.4 | 140.6 | 
114] 11.6} 07.8] 74] 61.5 111.4] 74.4 254 | 211.2} 141.1] 
H15/12.5/08.8] 75 | 62.4 112.2) 75.0 255 | 212.0 | 141.7] 
116/13.3/08.9| 76 | 63.2 113.1] 75.6 256 | 212.9 | 142.2] 
f17| 14.1] 09.4] 77] 64.0 113.9| 76.1 257 | 213.7 | 142.8} 
118/ 15.0] 10.0] 78 | 64.9 114:7| 76.7 258 | 214.5 | 143.3 
119} 15.8}10.6] 79 | 65.7 115.6| 77.2 259 |215.4 | 143.9} 
201 16.6} 11.1] 80] 66.5 116.4} 77.8 260 | 216.2 | 144.4} 
121117.5/11.7] 81/1 67.3 117.2| 78.3 261 | 217.0 | 145.0} 
22.1 18.3) 12.2] 82] 68.2 118.1] 78.9} 262 | 217.8 | 145.65 
23/19.1 | 12.81 83] 69.0 118.9| 79.4]: 263 | 218.7 | 146.1 
24120.0) 13.5] 84| 69.8 119.7| 80.0 264 | 219.5 | 146.7} 
25 | 20.8| 13.9] 851 70.7 120.6] 80.6 | 2¢ 265 | 220.3 | 147.2] 
26121.6114.4] 86] 71.5 121.4] 81.115 266 | 221.2 | 147.8 | 
I 27 | 22.4] 15.0] 87 | 72.3 122.2] 81.7]: 267 | 222.0 | 148.3 | 
128 | 23.31 15.61 88|73.2 123.1.)°82.219 268 | 222.8 | 148.9 | 
$29} 24.1) 16.1] 89] 74.0 123.9] 82.8 269 | 228.7 | 149.4 | 
#30 | 24.91 16.7] 90) 74.8 124.7} 83.3]: 270 ' 224.5 | 150.0} 
131) 25.8] 17.2] 91 | 75.7 125.6 271 | 225.3 | 150.6] 
132/26.6/17.8] 92| 76.5 126.4 272 | 226.2} 151.1] 
133 |27,.4/18.3] 931 77.3 127.2 273 | 227.0] 151.7] 
134/28.3118.9] 94! 78.2 128.0 274 | 227.8 | 152.2 
35 129.1] 19.4] 95 | 79.0 128.9 275 | 228.7 | 152.8 
36 | 29.9 | 20.0] 96] 79.8 129.7 276 | 229.5 |.153.3 | 
137 | 30.8| 20.6] 97] 80:7 130.5 277 | 230.3 | 153.9 | 
138/31,.6/21.1] 98/81.5 131.4 278 | 231.1 | 154.4} 
139 32.4/21.7] 991823 132.2: 279 | 232.0 | 155.0] 
140 | 33.3 | 22.2] 100 | 83.1 133.0: 280 | 232.8 | 155.6 § 
p41 | 34.1 | 22.81 101 | 84.0 133.9! 122.8] 281 | 283.6 | 156.1 
1 42 | 34.9 | 23.3102 | 84.8 134.7 | 123.3 | 282 | 234.5 | 156.7} 
H 43 | 35 8 | 23.91 103 | 85.6 135.5: 123.9 | 283 | 235.8 | 157.2} 
44 | 36.6 | 24.4] 104 | 86.5 136.4) 124.4 | 284 | 236.1 | 157.8} 
45 | 3'7.4 | 25.0] 105.) 87.3 137.21 125.0 | 285 | 237.0 | 158.3 | 
46 | 38.2 125.6] 106 | 88.1 38.0 125.6 | 286 | 237.8 | 158.9 § 
47 | 39.1 | 26.1] 107 | 89.0 138.9 126.1 | 287 | 238.6 | 159.4} 
1 48 | 39.9 | 26.7] 108 | 89.8 139.7 39.6 | 126.7 | 288 | 239.5 | 160.0 | 
Li | 40.7 | 27.2] 109 | 90.6 140.5 127.2 | 289 | 240.3 | 160.6 § 
#50 | 41.6] 27.8]110| 91.516 141.3 127.8 | 290 | 241.1 | 161.1 
051 | 42.4} 28.31111 | 92.8 142.2 128.3} 291 | 242.0 | 161.7} 
152] 43.2 | 28.9] 112 | 93.1 | 62.2 143.0 128.9 } 292 | 242.8 | 162.2 5 
} 53} 44.1 | 29.4] 113 | 94.0) 62.8] 173] 143.8 129.4 | 293 | 243.6 | 162.8 | 
154 | 44.9 | 30.0]114] 94.8 | 68.3]174] 144.7 130.0 | 294 | 244.5 | 163.3 } 
| 59 | 45.7 30.6] 115 | 95.6 |63.91175 | 145.5 130.6 | 295 | 245.3 | 163.9 J 
55) 46.6 | 31.1] 116 | 96.5 | 64.4] 176 | 146.3 131.1 | 296 | 246.1 | 164.4] 
157,| 47.4] 31.7] 117 | 97.3 | 65.0] 177.1 147.2 131.7 | 297 | 246.9 | 165.0} 
I 58 | 48.2 | 32.2]118 | 98.1] 65.6] 178 | 148.0 132.2] 298 | 247.8 | 165.6 § 
159 | 49.1 | 32.8 | 119 | 98.9 | 66.1 [179 | 148.8} 99.4] 23% 182.8 | 299 | 248.6 | 166.1} 
| 60 | 49.9 | 33.3 | 120 | 99.8 | 66.7 | 180 | 149.7 | 100.0} 24¢ 33.3 | 8300 | 249.4 | 166.7} 
[Dist| Dep. 1 Lat. |Dist.| Dep. | Lat, [Dist.| Den. | Unt. Dist} Dep. | Lat. | Dist.| Dep. | Lat. | 


North East db East. 


_South Bast b, Bast. 


[Por 5 Pts) 


North West 6. West. South West &. West. 
Sr 2 ee i - 


TABLE I—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 3+ POINTS. 138 


North East # North. 


North West # North. 


South East # South. 


South West # South. 


Dist.| Lat. | Dep. | Dist. 


| 00.8 | 00.6 


SO DI Om wwe 


Dist) Dep.| Lat.. 
- North East % Hast. 


121 


_Dep. | Dist.| Lat. | Dep. _ 
97.2 72.1 


Lat. 


145.4 
146.2 
147.0 
147.8 
148.6 
>| 149.4 
150.2 
151.0 
151.8 
152.6 


_ Dep. 
107.8 
108.4 
109.0 
109.6 
110.2 
110.8 
111.4: 
112.0 
112.6 
113.2 


153.4 
154.2 
155.0 
155.8 
156.6 
157.4 
158.2 
159.0 
159.8 
160.6 


113.8 
114.4 
115.0 
115.6 
116.2 
116.8 
117.4 
117.9 
118.5 
119.1 


2038 | 163.1 


161.4 
162.2 


119.7 
120.8 
120.9 
163.9 | 121.5 
164.7 
| 165.5 
| 166.8 
167.1 
167.9 
168.7 


122.7 
123.3 | 
123.6 
124.5 
125.1 


122.1 |: 


169.5 
170.5 
Vii 
171.9 
172.7 
}| 173.5 
174.3 
175.1 
175.9 
176.7 
177.5 
178.5 
179.1 
179.9 
180.7 
181.5 
182.5 
183.1 
185.9 
184.7 


126.5 
126.9 
127.5 
128.1 
128.7 
129.3. 
129.9 
180.5 | 
181.1 


131.6 | 
132.2 

132.8 

133.4 | 
134.0] 
134.6 
135.2 
135.8 
136.4 
137.0 


226 
227 
228 


125.7 | 27 


Vh171 | 137.3 231 | 185.5 | 137.6 
172} 138.2 232 | 186.3 | 138.2 
.3|173| 139.0 233 | 187.1| 138.8 
9} 174.| 139.8 234 | 188.0 | 139.4 
175 | 140.6 235 | 188.8 | 140.0) 
176 | 141.4 236 | 189.6 | 140.6 
177 | 142.2 237 | 190.4 | 141.2 
1'78 | 143.0 238 | 191.2| 141.8 
91179 | 143.8 239 | 192.0 | 142.4 
51180) 144.6 192.8 | 143.0 


South East $ East. 


Dep. 


[For 43 Pts] 


Dep. 


North West } West, 


292 
298 | 235, 
294 | 236.1 
295 
296 
297 
298 
299 
300 


Lat. 1 Dist. ; 
south Weést 3 West. ‘ 
PTE RE SPE RENEE ota SET = ° 


id TABLE J__DIFFERENCE OF LATITUDE AND DEPARTURE FOR 8} POINTS. 


North East 4 North. North West 4 North. South East } South. South West 4 South. 
Dist.| Lat. | Dep. | Dist. Lat Dep. | |Dist.| Lat. | Dep. | Dist 
3.7) 121) 98.5} 76.8 
3 122) 94.3] 77.4 
123| 95,1) 78.0 
124} 95.9) 78.7 
125] 96.6| 79.8 
126| 97.4} 79.9 
127] 98.2) 80.6 
128; 98.9} 81.2 
129| 99.7) 81.8 
130] 100.5 | 82.5 
181|101.3} 83.1 
132] 102.0| 83.7 
133] 102.8| 84.4 
134 | 103.6 | 85.0 
135 | 104.4} 85.6 
186| 105.1} 86.3 
105.9 | 86.9 
106.7 | 87.5 
107.4} 88.2 
108.2} 88.8 >| 126.9 
109.0} 89.4 127.5 
109.8 | 90.1 128.1 
110.5 | 90.7 128.8 
111.3| 91.4 129.4 
112.1] 92.0 130.1 
112.9} 92.6 130.7 
118.6 | 93.5 151.3 
114.4} 93.9 1382.0 | 26 
115.2} 94.5 132.6 
116.0) 95.2 133.2] > 
116.7} 95.8 133.9 
117.5] 96.4 134.5 |: 
118:3 | (VR! 135.1 
119.0| 97.7 135.8 }° 
119.8} 98.3 1386.4} 2 
120.6) 99.0 137.0 
IQ1i4 |) 9061; IS7.7]* 
122.1 | 100.2 158.3 
122.9 | 100.9 | 2. 138.9 
123.7 | 101.5 159.6 5 
124.5 | 102.1 140.2 | 281 ' 217.2] 178.3 
a2. 125.2 | 102.8 140.8 | 282 , 218.0 | 178.9 
: 126.0 | 103.4 141.5] 288 | 218.8 | 179.5 
od, : 126.8 | 104.0 142.1 | 284 | 219.5] 180.2 
4.8 | 23.5 : 127.5 | 104.7 142.7 | 285 | 220.3 | 180.8 
46 | 35.6 | 29.2] 106 | 81.9 }| 128.3 | 105.8 143.4 | 286 1221.1 | 181.4 
AT | 36.3 | 29.8] 107 | 82.7 129,1 | 105.9 144.0 | 287 | 221.9 | 182.1 
48 | 37.1 | 30.5] 108 | 83.5 | 6 129.9 | 106.6 144.6 | 288 | 222.6 | 182.7 
49 | 37.9 | 31.1] 109 | 84.3 130.6 | 107.2 145.8 | 289 | 223.4 | 183.5 
50 | 38.7 | 31.7] 110 | 85.0 151.4] 107.8 145.9 | 290 | 224.2 | 184.0 
D1 | 39.4 | 32.4) 111) 85.8] 70. 132.2 | 108.5 | ¢ 146.5 | 291 | 224.9 | 184.6 
d2 | 40.2 | 33.0] 112 | 86.6 | 71.1 133.0 | 109.1 147.2] 292 | 225.7 | 185.2 
53 | 41.0 | 33.6] 113 | 87.4 | 71.7 133.7 | 109.8 147.8 | 295 | 226.5 | 185.9 
04 | 41.7 | 34.3] 114) 88.1 |'72.3 134.5 | 110.4 148.4 | 294 | 227.5 | 186.5 
DD | 42 5134.9 | 115} 88.9 | 73.0 135.3 | 111.0 149.1 | 295 | 228.0 | 187.1 
56 | 43.3 | 35.5 | 116 | 89.7 | 73.6 136.0 | 111.7 149.7 | 296 | 228.8 | 187.8 
O7 | 44.1 | 36.2) 117 | 90.4 | 74.2 136.8 | 112.3 150.4 | 297 | 229.6 | 188.4 
58 | 44:8 | 36.8] 118 | 91.2 | 74.9 137.6 112.9 151.0} 298 | 230.4 | 189.0 | 
159 | 45.6 | 37.4 | 119 | 92.0 | 75.5 138.4| 113.6 y .7| 151.6] 299 | 231.1 | 189.7 
5 60 | 46.4 | 38.1 | 120 | 92.8 | 76.1 | 189.1] 114.2]: 55.5 | 152.3 | 300 | 231.9 | 190.3 
tDist.! Dep. {| Lat. | Dist.| Dep. | Lat. Dep. | Lat. |Dist.! Dep. | Lat. Dist. | Dep. | Lat. 


North Bast $ Bast. South East 3 East. [For 42 Pts.] North West $ West. South West 4 West. 


__North West 4 West. _ 


TABLE I.—DIFFERENCE OF LATITUDE AND DEPARTURE FOR 3 POINTS. 15 
North East + North. North West? North. South East ¢ South. South Wes tt South. 
Dist.) Lat. | Dep. Dep. | Dist.) Lat. | Dep. | Dist. Dep. Diet| Lat. | Dep. 
| | 00.7 | 00.7 41.0}121} 89.7| 81.3]181 121.6] 241 | 178.6 | 161.8 
2101.5 | 01.3 41.6] 122} 90.4/ 81.9 122.2 | 2421 179.3 | 162.5 
1 2| 02.2 | 02.0 42.3| 128] 91.1] 82.6 122.9 | 248 | 180.1 | 163.25 
1 4103.0 | 02.7 43,0| 124] 91.9| 83.3 123.6 | 244 | 180.8 | 163.9 § 
| 5103.7 | 03.4 43.7|125| 92.6] 83.9 124.2] 245 | 181.5] 164.5] 
6 | 04.4 | 04.0 44.3) 126| 93.4) 84.6 124.9 | 246 | 182.3 | 165.25 
1 7} 05.2 | 04.7 45.0} 127] 94.1] 85.3 125.6 | 247 | 183.0 | 165.9 § 
1 8 | 05.9 | 05.4 45.7] 128| 94.8] 86.0 126.3 | 248 | 183.8 | 166.5 § 
| 9| 06.7 | 06.0 46.3] 129} 95.6] 86.6 126.9 | 249 | 184.5 | 167.2 § 
110 | 07.4 | 06.7 47.0} 130} 96.8] 87.3 127.6 | 250 | 185.2 | 167.9 
| 11 | 08.2 | 07.4 47.7} 131] 97.1} 88.0 128.3 | 251 | 186.0 | 168.6} 
1 12} 08.9 | 08,1 48,4| 132] 97.8] 88.6 128.9 | 252 | 186.7 | 169.2 § 
1 131 09.6 | 08.7 49.01 183} 98.5) 89.3 129.6 | 253 | 187.5 | 169.9 § 
fF 14/10.4| 09.4 49,7| 134] 99.3) 90.0 130.8 188.2 | 170.6 § 
#15 11.1}10.1 50.4] 135/100.0| 90.7 131.0 188.9 | 171.25 
A 16} 11.9} 10.7 51.0] 186/100.8| 91. 131.6 7| 171.9 
g17 | 12.6) 11.4 51.7| 187|101.5| 92.0 182.3 172.6] 
R18 | 13.38)121]- 52.4] 188 | 102.3] 92.7 133.0 173.3 
19) 14.1} 12.8 58.1] 1389 | 1038.0} 93.8 138.6 | 2 173.9 
f 20 | 14.8} 13.4 58.7| 140] 103.7| 94.0 134.3 174.6 | 
921) 15.6) 14.1 54.4]141}104.5) 94.7 .9| 185.0 175.8 
122) 16.3) 14.8 55.1] 142] 105.2) 95.4 135.7 175.9 | 
123 | 17.0| 15.4 55.71 143 | 106.0] 96.0 136.3 176.6 
$24 /17.8/16.1 56.4] 144) 106.7| 96.7 137.0 177.8 
125 | 18.5 | 16.8 57.1] 145 | 107.4| 97.415 137.7 178.0 
125) 19.8) 17.5 57.8] 146 | 108.2] 98.0 128.3 178.6 F 
#27 | 20.0/18.1 58.4] 147] 108.9| 98.7 139.0 81 179.3] 
} 28 | 20.71 18.8 59.11148 | 169.7] 99.4 139.7 5| 180.0] 
1 26 | 21.51 19.5 59.8] 149 | 110.4] 100.1 140.4 .3| 180.6 § 
130 | 22.2} 20.1 60.4] 159} 111.1 | 100.7 3/141.0]5 1/ 181.8 
#31 | 23.0 | 20.8 61.11151 | 111.9} 101.4 3) 141.7 152.0 
5 32 | 23.7 | 21.5 61.8 | 152) 112.6 | 102.1 142.4 182.7 | 
33 | 24.5 | 22.2 62.5 | 153 | 113.4 | 102.7 143.0 3| 183.3 
1 34 | 25.2 | 22.8 63.1] 154/| 114.1 | 103.4 143.7 184.0 f 
1 35 | 25.9 | 23.5 63.8] 155 | 114.8} 104.1 3|144.4 ;| 184.7 | 
B36 | 26.7 | 24.2 64.5}156/115.6| 104.8 185.4 § 
1 37 | 27.4] 24.8 65.1 | 157 | 116.8 | 105.4 186.0 § 
1 38 | 28.2 | 25.5 65.8] 158 | 117.1 | 106.1 186.7 | 
439 | 28.9 | 26.2 66.5 | 159 | 117.8 | 106.8 187.4 § 
140 | 29.6 | 26.9 67.2] 160} 118.6 | 107.4 188.0 
141 1.30.4 | 27. 67.8] 161 | 119.3 | 108.1 188.7 | 
#42) 31.1) 28.2 68.5 | 162 | 120.0 | 108.8 189.4 | 
143 | 31.9 | 28.9 69.2| 163 | 120.8 | 109.5 190.1} 
144 | 32.6 | 29.2 69.8 | 164.| 121.5) 110.1 190.7 | 
f45 | 33.3]: 70.5 | 165 | 122.8} 110.8 2) 191.45 
146 134.113 71.2] 166 | 123.0] 111.5 192.14 
147 | 34.815 71.9} 167 | 123.7 | 112.2 192.7 § 
148 | 35.6 | 33 72.51 168 | 124.5] 112.8 193.4f 
£49 | 36.3 |: 73.21 169 | 125.2 | 118.5 194.1 f 
501 37.01% 73.91 170 | 126.0] 114.2 194.8 § 
151 (37.8 74.5]171|126.7| 114.8 3| 195.45 
52| 38.5 75.2] 172 | 127.4 | 115.5 196.15 
53 | 39.31: 75.9 | 173 | 128.2 | 116.2 196.8 f 
154} 40.0 76.6 | 174 | 128.9 | 116.9 3| 197.4 
55 | 40.8 17.21 175 | 129.7 | 117.5 198.1] 
#56 | 41.5 77.91 176 | 180.4 | 118.2 3| 198.8 
5T | 42.2 78.6] 177 | 131.1 | 118.9 199.5 | 
58 | 438. 79.2| 178 | 131.9 | 119.5 200.1 
159 | 43.7 79.9} 179 | 132.6 | 120.2 200.8 f 
60 | 44.5 80.6 | 180 | 133.4 | 120.9 201.5 
Dist| Dep.| Lat. | Dist.| Dep. | Lat. | Dist.! Dep. | Lat. Lat. }Dist.| Dep. | Lat. 
North East ¢ East. South East ¢ East. _ [For 4% Pts.J _South West } West. 


® v7 
ant’ 


“Ts TABLE L_DIFFERENCE OF LATITUDE AND DEPARTURE FOR 4 POINTS. 


North East. North West. South East. South West. 
_ Lat. Dep. Lat Dep. 7 
85.6| 85.6 128.0 | 128.0 .41 170.4 


86.3| 86.8 128.7 | 128.7 171.1} 171.1 § 
87.0] 87.0 129.4 | 129.4 171.81 171.84 
87.7 | 87.7 130.1 | 130.1 172.5 | 172.5 | 
88.4| 88.4 130.8 | 130.8 173.2 | 1'73.2 
89.1] 89.1 31.51 181.5 173.91 173.9 § 
89.81 89.8 132.2 | 182.2 1'74.7 | 174.7} 
90.5} 90.5 132.9 | 182.9 175.4}175.4} 
91.2 |) 91.2 133.6 | 133.6 176.11 176.15 
91.9| 91.9 134.4 | 134.4 176.8 | 176.8 } 
92.6| 92.6 135.1} 135.1 | 177.51 177.58 
93.3| 93.3 135.81 135.8 178.2} 178.25 
94.0] 94.0 136.5.| 186.5 31178.9.1178.9 § 
94.8| 94.8 137.2 | 137.2 179.61 179.6 | 
95.5| 95.5 137.9 | 187.9 180.3 | 180.3 # 
96.2| 96.2 138.6 | 138.6 181.0 | 181.04 
96.9| 96.9 139.3 | 139.8 183.7} 181.7 § 
97.6| 97.6 140.0 | 140.0 182.4} 182.4% 
98.3} 98.3 183.1 | 183.1 5 


99.0} 99.0 141.4} 141.4 183.8 | 185.8 § 
99.7 | 99.7 142.1 | 142.1 184.6 

100.4 | 100.4 142.8 | 142.8 185.8 

101.1} 101.1 143.5 | 143.5 186.0 

101.8} 101.8 144.2} 144.2 186.7 

102,5 | 102.5 145.0 | 145.0 187.4 

103.2 | 103.2 145.7 | 145.7 188.1 

103.9 | 1038.9 146.4 | 146.4 


148.5 | 148.5 | 270 | 190.9 
191.6 | 191.6] 


41193.7| 193.7] 
194.5 | 194.5 f 
195.2} 195.2] 


161/| 1138.8 
162 | 114.6 
163 | 115.38 
164} 116.0 
165 | 116.7 
166 | 117.4 
167/118.1 
168/ 118.8 
169 | 119.5 
170 | 120.2 


171 | 120.9 
172 | 121.6 
173 | 122.3 


283 | 200.1 | 200.1} 
284 | 200.8 | 200.8 
285 | 201.5 | 201.5 | 
286 | 202.2 | 202.2 
287 | 202.9 | 262.9 
288 | 203.6 | 203.6} 
289 | 204.4 | 204.4 | 
290 | 205.1 | 205.1 


291 | 205.8 | 205.8 § 
292 | 206.5 | 206.5 
293 | 207.2 | 207.2 


>| 174 | 123.0 | 123.0 165.5 294 | 207.9 | 207.9 
175 | 123.7 | 123.7 166.2 295 | 208.6 | 208.6 § 
176 | 124.5 | 124.5 166.9 9) | 296 | 209.3 | 209.3 | 
L77 | 125.2.) 125.2 167.6 >| 297 | 210.0 | 210.0 f 


178 | 125.9 


298 | 210.7 | 210.7 | 
179 | 126.6 | 126.6 


26. 299 | 211,41211.4 § 

180 | 127.3 | 127.3 300) 212.1 )212.1 1 
Dep. | Lat. ist.| Dep. Dist.| Dep. | Lat. 

North East nae North West. [For 4 Pts] ) South Kast. South West. 


TABLE II. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 1 DEGREE. 
Dist.| Lat. | Dep. | 


wy 


Dist, Lat. | Dep. | Dist.| Lat. | dat. | Dep..| Dist.) Lat. 
-1/ 01.0} 00.0] 61} 61.0} 01.1 121.0! 02.1 | 181 | 181.0 
2/ 62.0} 00.0] 62} 62.0} 01.1 122.0} 02.1 | 182] 182.0 
8 | 03.0| 00.1] 63] 63.0] 01.1 123.0} 02.1 | 183] 183.0 
4/04.0/00.1] 64} 64.0] 01.1 124.0} 02.2 | 184] 184.0 

Y 5 /05.0/00.1] 65| 65.0] 01.1 125.0 | 02.2 | 185] 185.0 

| 6| 06.0) 00.1] 66| 66.0] 01.2] 126 | 126.0; 02.2 |186| 186.0 

| 7|07.0/00.1] 67| 67.0| 01.2 127.0} 02.2 | 187] 187.0 

i 8/08.0| 00.1] 68] 68.0| 01.2 128.0] 02.2 | 188] 188.0 

1 9/09.0/ 00.2] 69} 69.0] 01.2 129.0 | 02.3 | 189] 189.0 

410/10.0| 00.2] 70} 70.0) 01.2 130.0 | 02.3 [190] 190.0 

F11/11.0|00.2] 71} 71.0 131.0| 02.8 |191|191.0 

112 | 12.0] 00.2] 72) 72.0 132.0 | 02.3 | 192] 192.0 

113] 13.0/00.2| 73] 73.0 133.0 | 02.8 | 193] 193.0 

1 14/ 14.0} 00.2] 74] 74.0 134.0 | 02.8 }1941194.0 

115] 15.0|00.3| 75] 75.0 135.0] 02.4 1195] 195.0 

1 16/16.0|00.3] 76| ‘76.0 136.0 | 02.4 | 196|196.0 

117/17.0/00.3] 77| 77.0 137.0 | 02.4 ]197] 197.0 

118/18.0/00.3] 78] 78.0 138.0| 02.4 [1981 198.0 

419} 19.0/00.3] 79| 79.0 139.0 | 02.4 |1991199.0 

#20 | 20.0} 00.3] 80] 80.0 140.0} 02.4 |200 | 200.0 

#21} 21.0|00.4] 81] 81.0 141.0! 02.5 1201 | 201.0 

1 22 | 22.0| 00.4] 82] 82.0 142.0 | 02.5 | 202 | 202.0 

1 23 | 23.0| 00.4] 83] 83.0 143.0} 02.5 | 203 | 203.0 

124.) 24.0] 00.4] 84] 84.0 144.0 | 02.5 1204 | 204.0 

125 |25.0| 00.4] 85] 85.0 145.0} 02.5 | 205 | 205.0 

#26 | 26.0|00.5| 86] 86.0 3} 146.0| 02.5 | 206 | 206.0 

| 27 | 27.0| 00.5| 87} 87.0 147.0 | 02.6 | 207] 207.0 

1 28 | 28.0| 00.5] 88] 88.0 148.0 | 02.6 | 208 | 208.0 

£29 | 29.0| 00.5] 89} 89.0 149.0! 02.6 | 209 | 209.0 
130 |30.0| 00.5] 90} 90.0 150.0) 02.6 | 210] 210.0 
131/31.0| 00.5] 91] 91.0 151.0! 02.6 | 211 | 211.0 

f 32] 32.0) 00.6] 92] 92.0 152.0} 02.7 | 212] 212.0 

133 | 33.0/ 00.6] 93] 93.0 153.0 | 02.7 | 213 | 213.0 

1 34./34.0| 00.6] 94} 94.0 154.0] 02.7 |214/ 214.0 

351 35.0|00.6] 95] 95.0 155.0 215 | 215.0 

£36 /36.0| 00.6] 96} 96.0 156.0 216 | 216.0 

137 | 37.01 00.6] 97| 97.0 157.0 217 | 217.0 

38 138.0] 00.7] 98] 98.0 158.0 218 | 218.0 

391 39.0/00.7] 99| 99.0 159.0 219 | 219.0 

#40 | 40.0 | 00.7] 100 | 100.0 160.0 220. | 220.0 

#41 | 41.0] 00.7] 101 | 101.0 161.0 221 | 221.0 

| 42 | 42.0 | 00.7 | 102 | 102.0 162.0 292 | 222.0 

| 43 | 43.0 | 00.8 | 103 | 103.0 163.0 223 | 223.0 

144 | 44.0] 00.8] 104 | 104.0 164.0 224 | 224.0 

1 45 | 45.0 | 00.8] 105 | 105.0 165.0 225 | 225.0 

46 | 46.0 | 00.8 | 106 | 106.0 166.0 226 | 226.0 

1 47 | 47.0 | 00.8 | 107 | 107.0 167.0 227 | 227.0 

448 | 48.0 | 00.8] 108 | 108.0 168.0 228 | 228.0 

149 | 49.01 00.9} 109 | 109.0 169.0 229 | 229.0 

£50 | 50.0} 00.9] 110 | 110.0 170.0 230 | 230.0 

151 151.0| 00.9] 111 | 111.0 171.0 231 | 231.0 

'52| 52.0 100.9 | 112 | 112.0 172.0 232 | 232.0 

153 | 53.0| 00.9] 113 | 113.0 173.0 233 | 233.0 

1 54|54.0| 00.9] 114} 114.0 174.0 234 | 234.0 

155155 0| 01.0] 115} 115.0 175.0 235 | 235.0 
5:5| 56.0} 01.0}116] 116.0 176.0 236 | 236.0 

157 | 57.0 | 01.0} 117| 117.0 177.0 237 | 237.0 

158 | 58.0} 01.0] 118 | 118.0 178.0 238 | 238.0 

159 | 59.0] 01.0}119| 119.0 179.0 | 239 | 239.0 

160 | 60.0 | 01.0 | 120 | 120.0 180.0 1240 | 240.0 
Dist.) Dep. | Lat. | Dist.| Dep. Dep. | Lat. | Dist. Dep. 

« For 89 Davrees. 


17 
Oh 4m, 


241 | 241.0 
242 | 242.0 
2438 | 243.0 
244 | 244.0 
245 | 245.0 
246 | 246.0 
247 | 247.0 
248 | 248.0 
249 | 249.0 
250 | 250.0 


251 | 251.0 
252 | 252.0 
253 | 253.0 
204 | 254.0 
259 | 255.0 


261 | 261.0 
262 | 262.0 
268 | 263.0 
264 | 264.0 
265 | 265.0 
266 | 266.0 


3 | 268.0 
269.0 
270.0 


271.0 
272.0 
273.0 
274.0 
5 | 275.0 
6 | 276.0 
7 | 277.0 
| 278.0 
279.0 
289.0 


281.0 
282.0 
283.0 
284.0 
285.0 
>| 286.0 
287.0 
288.0 
289.0 


WWwWWwe 


04.2 | 
04.2} 
04.2 

04.3 | 
04.3 | 
04.3% 
04.3 | 
04.3 | 
04.3 | 
04.45 


04.4 
04.4 § 
04.4 J 
04.4 § 
04.5% 
04.5 | 
04.5 | 
04.5 | 
04.5 | 
04.5 


04.64. 
04.6 | 


tw d9 0 dw See 


05.2 f 


Dep. 


5h 56m, 


Lat. 


TABLE U. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 2 DEGREES. Oh 8m, 


tes Re Dep. 1st, |. - Lat. Dep. ist.| Lat. | Dep. 
1/01.0/00.0] 6 0 | 02. 120.9} 04.2 180.9| 06.8 240.9 | 08.4 
02.0/00.1] 6% 0| 02.3 121.9] 04.3 181.9| 06.4 |242 | 241.9/ 08.4 
03.0/00.1] 63] 63.0 | 02. 122.9] 04.3 182.9] 06.4 | 248 | 242.9 | 08.5 
04.0/00.1] 6: 0 | 02. 123.9| 04.3 183.9] 06.4 243.9 | 08.5 
05.0| 00.2] 62 0 | 02. 9) 04.4 184.9] 06.5 |245 | 244.9 | 08.6 
31 06.0| 00.2] 66} 66.0 | 02. 9| 04.4 185.9 | 06. 245.9 08.6} 
07.0| 00.2] 6 0 | 02. .9| 04.4 |187|186.9| 06. 246.8 | 08.6 | 
08.0 | 00.8 0 | 02. 27.9] 04.5 |188| 187.9] 06. 247.8 | 08.7 
09.0 | 00.3] 6 0 | 02. 28.9] 04.5 188.9! 06. 248.8 | 08.7 
10.0] 0.3 0 | 02. 29.9} 04.5 |190/ 189.9] 06.6 | 250 | 249.8 | 08.7 F 
11.0 | 00.4 0 | 02. 30.9| 04.6 190.9| 06.7 ] 251 | 250.8 | 08.5 | 
12.0} 00.4 2.0 | 02. 31.9] 04.6 [1921 191.9]. 06.7 | 252 | 251.8 | 08.8 | 
13.0| 00.5] 0 | 02. 32.9] 04.6 192.9] 06.7 | 253 | 252.8 | 08.8 | 
14.0 | 00.5 0 | 02.6 3.9| 04.7 143.91 06. 4 | 253.8 | 08.9 
15.0 | 00.5 0 | 02.6 | 13% 9| 04.7 194.9] 06. 254.8 | 08.9 f 
16.0|00.6] 76] 76.0] 02. 9| 04.7 |1961195.9| 06. 255.8 
17.0 | 00.6 0 | 02. .9| 04.8 |197|196.9| 06.9 }257|256.8 
18.0 | 00.6 0 | 02.7| 138] 137.9] 04.8 197.9] 08.6 257.8 
19.0 | 00.7 9.0 | 02. 38.9| 04.9 198.9| 06. 9 | 258.8 
20.0 | 00.7 39. 199.9 |-07.0 | 260 | 259.8 


21.0 | 00.7 200.9 | 07.0 |261 | 260.8 
22.0} 00.8 . 141.9| 05.0 201.9| 07.0 |262 | 261.8 
23.0 | 00.8 9 | 02. 142.9| 05.0 202.9 | 07.1 | 263 | 262.8 | 
24.0|00.8 9 | 02.¢ 143.9| 05.0 203.9 | 07.1 | 264 | 263.8 
25.0 | 00.9 9] 03. 144.9] 05.1 |205 | 204.9| 07.2 |265 | 264.8 
5 | 26.0 | 00.9 9 | 03. 145.9| 05.1 |: 2 |266 | 265.8 
7.0} 00.9 9 | 03. 146.9) 05.1 9 07. 266.8 
28.0} 01.0 9 | 03. 147.9| 05.2 9| 07.3 |268 | 267.8 
29.0} 01.9 3.9 | 03. 148.9| 05.2 9| 07. 268.8 
30.0 | 01.0 9 | 03. 149.9 | 05.2 9| 07.3 |270 | 269.8 
31.0/ 01.1 9) 03.5 150.9! 05.3 9| 07.4 [271 |270.8 
32.0] 01.1 91.9/ 03.2] 152| 151.9] 05.8 [212] 211.9] 07.4 }272| 271.8 
153] 152.9 | 05.3 .9| 07.4 [273 | 272.8 

154/ 153.9| 05.4 213.9 | 07.2 273.8 

155| 154.9) 05.4 5 | 274.8 

156] 155.9| 05.4 5.9| 07.5 [276 | 275.8 

157| 156.9) 05.5 16.9| 07.6 [277 |276.8 

158| 157.9 | 05.5 17.9| 07.6 | 278 | 277.8 

159] 158.9 | 05.5 }2 9| 07.6 1279 | 278.8 

160] 159.9 | 05.6 9) 07. 279.8 

161 | 160.9| 05.6 220.9} 07. 280.8 

162] 161.9| 05.7 | 222 | 221.9] 07.7 281.8 

.6| 163 | 162.9| 05.7 | 228 | 222.9] 07.8 |283 | 282.8 

6] 164| 163.9] 05.7 1224 | 223.9] 07. 283.8 

165 | 164.9| 05.8 |225 | 224.9] 07.4 284.8 

0) 01. 105.9 | 08.7] 166 | 165.9} 05.8 | 226 | 225.9] 07. 285.8 
47.0} 01.6 9| 03.7 | 167] 166.9} 05.8 |227 |} 226.9] 07. 286.8 
48,0 | 01.7] 108 | 107.9 | 03.8] 168 | 167.9] 05.9 [228 | 227.9] 08. 287.8 
49.0 | 01.7] 109 | 108.9 | 08.8] 169| 168.9) 05.9 | 229 | 228.9] 08. 288.8 
50.0 | 01.7] 110| 109.9 | 03.8] 170| 169.9} 05.9 229.9 08. 289.8 


51.0 | 01.8] 111 | 110.9 | 03.9]171 | 170.9 | 06.0 : ; 91} 290.8 ; 
52.0 | 01.8] 112] 111.9 | 03.9] 1721 171.9! 06.0 21231, ; 291.8 
53.0 | 01.8} 118 | 112.9 | 03.9] 173 | 172.9| 06.0 | 2338 | 232, ; 93 | 292.8 
54.0 | 01.9] 114 -9}174| 173.9] 06.1 | 2384 | 238. S. 94 | 293.8 
55.0 | 01.9] 115 3 4.0}175| 174.9 | 06.1 | 235 | 234.6 : J5 | 294.8 

5 | 56.0 | 02.0] 116 4.01176) 175.9 | 06.1 | 23¢ " 96 | 295.8 
57.0 | 02.0] 117 is -L)1L77| 176.9 | 06.2 * ‘ 296.8 
58.0 | 02.0] 118 : 4.1] 178) 177.9} 06.2 \ rs) 297.8 
59.0 | 02.1] 119 é -©1179] 178.9 | 06.2 38.$ , 298.8 
60.0 | 02.1 |. 120) 119.¢ -21180/ 179.9) 06.3 ; ; 299.8 


Dist| Dep. | Lat. | Dist. ; at. 1Dist.| Dep. | Lat. be 
For 88 Degrees. 5h 52m. 


TABLE II. . 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 8 DEGREES. 


pDist.| Lat. | Dep.| Dist.| Lat. | Dep. {| Dist.| Lat. |_ Dep. . 
1 | 01.0 121 | 120.8 | 06.8 
2 |. 02.0 121.8] 06.4 
— 3} 03.0 122.8) 06.4 
4/ 04.0 125.8 | 06.5 
124.8 | 06.5 
125.8 | 06.6 
126.8 | 06.6 
127.8 | 06.7 
128.8 | 06.8 
129.8 | 06.8 
130.8 | 06.9 
151.8 j 
32.8 


153.8 
134.8 
155.8 
136.8 
157.8 
158.8 


p21 | 21.0 
#22 | 22.0 
P23 1 25.0 
b 24 | 24.0 
B25 | 25.0 


90.9 | 04.8 
91.9 | 04.8 
92.9 | 04.9 
93.9 | 04.9 
94.9 | 05.0 
95.9 | 09.0 
96.9 | 05.1 
97,9) 05.1 
98.9 | 05.2 


161.8 

162.8 

163.8 

164.8 
A EG | 45.9 165.8 
47 | 46.9 166.8 
p48 | 47.9 167.8 
49 |} 48.9 168.8 
150 | 49.9 169.8 
4! | 50.9 110.8 | 05.8 170.8 
A521 51.9 111.8 | 05.9 171.8 
133 | 52.9 112.8 | 05.9 172.8 
Fo | 53.9 113.8 | 06.0 173.8 
P25 / 54.9 114.8 | 06.0 174.8 
53 155 115.8 | 06.1 175.8 
116.8 | 06.1 176.8 

117.8 | 06.2 177.8 

78.8 

179.8 

Dist. | Dep 


Lat, 


For 87 Degrees. 


221 


222 | 221.7) 11.6 281.6 | 14.8 f 
223 | 222.7 | 11.7 282.6 | 14.8 
224 (223.7) 11.7 283.6 14.9] 
220 | 224.7) 11.8 284.6 , 14.9 | 
226 | 225.7 | 11.8 5 | 285.61 15.0 | 
227 | 226.7 | 11.9 286.6 | 15.05 
228 | 227.7] 11.9 287.6 | 15.1 | 
229 | 228.7 | 12.0 288.6 | 15.1 
230 | 229.7} 12.0 289.6 | 15.2 
231 | 230.7 | 12.1 290.6 | 15.2 § 
232 | 231.7) 12.1 291.6 | 15.8 
238 | 232.7 | 12.2 [293 | 292.6 | 15.38 
234 | 233.7 | 12.2 | 294 | 293.6 | 15.4 
235 | 2384.7 | 12.3 | 295 | 294.6 | 15.4 
236 | 235.7 | 12.4 | 296 | 295.6 | 15.5 
237 | 2386.7 | 12.4 | 297 | 296.6 ; 15.5 
238 | 237.7 | 12.5 | 298 | 297.6 | 15.6 
239 | 238.7 | 12.5 | 299 | 298.6 | 15.6 


——_—_ | | - | |S I 


209.7 


210.7 
211.7 
212.7 
215.7 
214.7 


240 | 239.7 


Dist. 


Dep. 


19 


Oh 12m, 
Dist.| Lat. | Dep 


241 | 240.7 | 12.6% 
241.7 | 12.7] 
942.7 | 12.7] 
243.7 : 
244.7 
945.7 


259.6 
260.6 
262 | 261.6 
262.6 | 13.8 
263.6 | 13. 
5 | 264.6 
5 | 265.6 
266.6 


280.6 | 14.7] 


299.6 | 15.7 


Lat. 


20 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR4 DEGREES. 0h16 


—_——— | 
———EE 


Dist Dep. | Lat. 


-6{ 111 | 110.7 


101} 100.8 
102 | 101.8 
108 | 102.7 
104 | 103.7 
105 | 104.7 
106 | 105.7 
107 | 106.7 
108 | 107.7 
109 | 108.7 
110] 109.7 


112) 111.7 
118} 112.7 
114 | 113.7 
115 | 114.7 
116 | 115.7 
117} 116.7 
118) 117.7 
119} 118.7 
120 | 119.7 


Dist.| Dep. 


_ lat. | Dep § 
240.4) 1685 
241.4] 16.9) 
242.4] 17.0} 


ive) 
fool 
BP 
<F 


277.3 | 19.4 
278.3| 19.5 | 
279.3) 19.5 | 
280.3 | 19.6] 
281.3 19.7} 
282,3| 19.7 
283.3] 19.8} 
2843/19 9 
285.3 | 20.0] 
286.3 | 20.0] 
287.3 | 20.1] 
288.3 | 20.2 
289.8 | 20.2 


290.3 | 20.8 
291.3| 20.4] 


TABLE IL. 7 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 5 DEGREES. Oh 20m, 


uat. | Dep. | Dist.| Lat. 
181 | 1+0.3] 15.8 
05.4 ol. 1821181.3] 15.9 
05.5 2.5 183 182.5] 15.9 
05.6 2 184 1838.3] 16.0 
05.7 4, 185 | 184.3) 16.1 
05.8 x : 186 | 185.3] 16.2 
05.8 0. 17, 186.3] 163 
05.9 f 188 | 187.3] 16.4 
06.0 Sue 189 | 188.3] 16.5 
06.1 i ; 190| 189.38} 16.6 
06.2 : 191 | 190.3} 16.6 | 2 350.0 
06.3 | 15: ol. - 192 | 191.38] 16.7 | 252 | 251.0 
06.4 | ler. 193 | 192.3] 16.8 | 253 | 252.0 
06.4] 1: Oo. : 194|1938.3] 16.9 253.0 
06.5 4. 3 195 | 194.3 <Gh EPs 254.0 
06.6 30. 196 | 195.3 } 61. 20D.0 | § 
} 197 | 196.8 : : | 256.0 
198 | 197.2 .o | 208! 257.0 |: 
; 199 | 198.2 3 | 259 | 258.0 
79.7 | 07.0 39.5 200 | 199.2 4 1260 | 259.0 
20.9 sf 80.7 | 07.1 : 201 | 200.2 5 1261 | 260.0 
21.9 : 2} 81.7| 07.1 : 202 | 201.2 6 | 262} 261.0 
22.9 | O2. 3| 82.7.) 07.2] 14 Ds 203 | 202.2 £7 | 268 | 262.0 
28.9 | 02. 44) 145. 204 | 203.2 8 | 264 | 263.0 
24.9 | 02, , ‘ c , 205 | 204.2 9 | 265 | 264.0 |5 
3125.9 MS ; | 146) 145. 206 | 205.2 0 | 266 | 265.0 
: ; é | 206.2 0 | 267 | 266.0 
207.2 1 [265 | 267.0 
208.2 2 1269 | 268.0 
209.2 .o |: 269.0 


90.7 | 07.9 4} 18.2 | 211) 210.2 | (1 | 270.0 
91.6 | 08.0 51.4) 18.2 | 212) 211.2 ep Arh ae 
3| 92.6) 08.1 A} 13.8 [213 | 212.2 6 3 | 272.0 
34 | 33.9 | 038. 93.6 | 08.2 Al 18.4 [214] 2138.2 By 8 i ee bs 
34.9 ; 94.6 | 08.3] Le 4.4) 13.5 | 215) 214.2 
36 | 35.9 | 03. ‘ 95.6 | 08.4 05.4] 13.6 | 216 | 215.2 
: 7; 96.6 | 08.5 3.4| 13.7 [217] 216.2 
97.6 | G8.5 57.4| 13.8 | 218} 217.2 
; 98.6 | 038.6 A} 13.9 | 219 | 218.2 
03.5}100, 99.6! 08.7 59.4} 13.9 | 220} 219.2 


101 160.4} 14.0 | 221 | 220.2 
102 ‘4! 14.1 | 222] 221.2 
103 | 102.6 | 09.0| 163 | 162. ‘9 | 223 | 222.2 
| 224 | 223.1 

| . "4 (225 | 224.1 

6 | 09.2 A 5 |226| 225.1 

106.6 | 09.8 5. 'g | 227 | 226.1] 19. 
107.6 | 09.4 '@ | 228 | 227.1] 19. 


DIOP BWW 


WWW WW WW 


WWW Ww 
wo 


d2 
DWH HOD 


108.6 | 09.5 A| 14,7 | 229| 228.1 
109.6 | 09.6 4| 14.8 | 230 | 229.1 


110.6 | 09.7 é 9 1231 | 230.1 
111.6] 09.8 : .O | 232) 2381.1 
112.6 | 09.8 | 17é Rs 1 | 238.| 282.1 
113.6 | 09.9 3. 2 | 234 | 233.1 
114.6 | 10.0 5 | 174. ; 235 | 234.1 
>| 115.6} 10.1 ) 8 | 236 | 235.1 
116.6] 10.2 3. 4 1237 | 236.1 
117.6} 10.3 . ae 5 | 288 | 237.1 
118.5 | 10.4 8, 6 | 239 | 238.1 
119.5 | 10.5 3) 15.77.1240] 239.1 
Dep. | Lat. | Dist.| Dep. 
For 85 Degrees. 


289.9 | 25.4 
290.9 | 25.4 | 
3 | 291.9 | 25.5 
292.9 | 25.6] 
293.9 | 25.7] 


TABLE Il. 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 6 DEGREES. 0h 24m, 

Lat. | Dep. 
181 | 180.0 239.7 | 25.2 
182} 181.0 . £7 | 25.3 | 
183 | 182.0 : .7 | 25.4 
184 | 183.0 , £7 | 25.5 
185 | 184.0 f ‘ “7 | 25.6 
186 | 185.0 : TAQ 
187 | 186.0 ; .6 | 25.8 
188 | 187.0} 19. 46.6 | 25.9 
189 | 188.0 : .6 | 26.0 
190 | 189.0 v. .6 | 26.1 


191 | 190.0 6 | 26.2 
192] 190.9 ‘ 30.6 | 26.5 
193} 191.9 , 6 | 26.4 
194 | 192.9] 20. 6 | 26.6 
195 | 193. : 6 | 26.7 | 
196 | 194.9 ) 
197 | 195.9 
198 | 196.9 
5 1199 | 197.9 
.6 | 200] 198.9 


201 | 199.9 : 1 | 259.6 
202 | 200.9 : 260.6 | * 
261.6 | 2 


~ 


GOGO OB ipsk: osk ah Sh cmon 


2 
2 
2 
5|2 
2 
2 
2 


210 [208.8 


211 | 209.8 
212 | 210.8 
213 | 211.8 
214 | 212.8 
215 | 213.8 
216 | 214.8 
217 | 215.8 
218 | 216.8 
219 | 217.8 


231 | 229.7 289.4 | 30. 
232 | 230.7 290.4 
233 | 231.7 3, 291.4 
234 | 232.7 ; 94 | 292.4 
235 | 233.7 ; 295.4 
236 | 234.7 ; 294.4 | 30. 
237 | 235.7 : 295.4 | 31. 
238 | 236.7 ; 296.4 
239 | 237.7 | 25. 297.4 
240 | 238.7 ; 298.4 


For 84 Degrees. 


TABLE I. 23 

DIFFERENCE OF LATITUDE AND DEPARTURE FOR 7 DEGREES. 0h 28m, 
Dist| Lat. | Dep.| Dist. . | Dep.|Dist.| Lat. | Dep. | Dist.| Lat. __ | Dist.| Lat. | Dep. 
01.0 | 00.1 60.5 | 07. 20. 7 {181 '179.7 241 | 239.2 | 29.4 
02.0 | 00.2 61.5 | 07.6] 12 : .9 | 182: 180.6 242 | 240.2 | 29.5 | 
03.0| 00.4] 63] 62.5 | 07, . .0 | 183] 181.6 243 | 241.2 | 29.6 
04.0 | 00.5 63.5 | 07. 1 |184} 182.6 244 | 242.2 | 29.7] 
05.0 | 00.6 64.5 | 07.9 | 1: .2 | 185 | 183.6 245 | 243.2 | 29.9 
06.0 | 00.7 65.5 | 08.0 | 1 184.6 246 | 244.2 | 30.0 
06.9 | 00.9 66.5 | 08. 185.6 247 | 245.2 | 30.1 
07.9| 01.0] 68} 67.5} 08. 186.6 248 | 246.2 | 30.2] 
08.9 | 01.1 68.5 | 08. ; )| 187.6 249 | 247.1] 30.8 
09.9 | 01.2 69.5 | 08. 0) 15. 188.6 250 | 248.1 | 30.5 


10.9 | OL. 70.5 | 08. a 189.6 251 | 249.1 | 80.6 
11.9} OL. 71.5 | 08. 31. 190.6 252 | 250.1 | 30.7 | 
12.9 | 01.6 72.5 | 08.9] 13 2. 191.6 253 | 251.1 | 30.8 | 
13.9 | 01. 73.4 | 09. ; 192.6 254 | 252.1 |31.0 
14.9 | OL. 74.4 | 09. : Ds 193.5 255 | 253.1| 31.13 
15.9; 01.9} 76) 75.4 | 09. ; 194.5 256 | 254.1 | 31.2} 
16.9 | 02. 76.4 | 09. 0} 16.7 | 197} 195.5 257 | 255.1 | 31.3 | 
17.9 | 02. 77.4 | 09.5 b, 196.5 258 | 256.1 | 31.4 | 
18.9 | 02. 9| 78.4) 09.6] 1 ; 99) 197.5 259 | 257.1 | 31.6} 
19.9 | 02. 79.4 | 09. ; 198.5 260 | 258.1 | 31.7} 


20.8 | 02.¢€ 80.4 | 09. 199.5 261 | 259.1 | 31.8 
21.8 | Ve. 2} 81.4] 10, ; 200.5 262 | 260.0 | 81.9 
22.8 | U2. 82.4 | 10. c 201.5 263 | 261.0 | 82.1 | 
23.8 | U2. 4} 83.4) 10. 202.5 264 | 262.0 | 82.2 
24.8 | 03. 35 | 84.4] 10. te 203.5 265 | 263.0 | 82.3 | 
} | 25.8 | 03. 85.4 | 10.5 | 146 204.5 266 | 264.0 | 82.4 } 
26.8 ; Vs. 86.4 | 10. 145.9] 17.9 | 5 205.5 267 | 265.0 | 32.5 | 
27.8 | 05. 87.3 | 10." 146.9 | 18.0 | 208 | 206.4. 268 | 266.0 | 82.7 
28.8 | Yo. 88.3 | 10. 9| 147.9 ; 207.4 269 | 267.0 | 82.8 | 
29.8 | 03.7 89.5 | 11. , 208.4 270 | 268.0 | 82.9 | 
30.8 | 05. 90.8 | 11. o1) 149.9) 18. 209.4 271 | 269.0 | 33.0 § 
31.8 | 03. 2| 91.39/11. 150.9 oO 210.4 272 | 270.0 | 33.1 | 
32.8 | 04. 92.3 | 11.3] 153 | 151.9 : 211.4 273 | 271.0 | 33.3 § 
39.7 | 04. 4} 93.3 | 11. 152.9 : 212.4 274 | 272.0 | 33.4 F 
34.7 | 04. 94,5) 11. 153.8 213.4 275 | 273.0 | 38.5 § 
30.7 | O4. 95.3 | 11. 96 | 154.8 214.4 276 | 273.9 | 33.6 
36.7 | O4.¢ 7| 96.3] 11. 155.8 wL | 217) 215.4 277 | 274.9 | 33.8 | 
37.7 | 04. 97.3 | 11. 156.8 2 | 218 | 216.4 278 | 275.9 | 33.9 | 
38.7 | 04. 98.3 | 12. 157.8 A YS 217.4 279 | 276.9 | 34.0} 
39.7 | 04. 99.3 | 12. 218.4 280 | 277.9 | 34.1] 


40.7 | 05. 100.2 | 12. 51 | 159.8 6 | 221) 219.4 281 | 278.9 | 34.2 § 
~|41.7 | 05, 101.2 | 12. 2/ 160.8 “7 1222 | 220,38 282 | 279.9 | 34.4 | 
42.7 | 05. 3 | 102.2 | 12. 3 | 161.8 A 221.8 283 | 280.9 | 84.5 | 
45.7 | 05, 103.2 | 12. 54 | 162.8 : 222.3 284 | 281.9 | 34.6} 

) | 44,7 | 05, 104.2 | 12. 165.8 ; 25 | 225.5 285 | 282.9 | 34.7 | 
105.2 | 12. 164.8 : 26 | 224.3 286 | 283.9 | 34.9 § 

106.2) 13, 165.8 ; 225.3 287 | 284.9 | 35.0 | 

107.2 | 138. 8 | 166.7 } 28 | 226.3 288 | 285.9 | 35.1 f 

108.2 | 15. 167.7 : 9 | 227.3 289 | 286.8 | 35.2 | 

109.2 | 138. 168.7 j 228.3 290 | 287.8 | 85.3 } 


eee 


50.6 | 06.2 110.2 | 13.5 159.7 ‘ 31 | 229.3 288.8 | 85.5 | 
51.6 | 06.8 111.2] 13.6 170.7 : 32 | 230.3 289.8 . 35.6 f 
52.6 | 06.5 112.2} 18.8) 173 | 171.7 F 251.8 290.8 | 85.7 
53.6 | 06.6 113.2 | 13.9 172.7 . 232.5 291.8 | 55.8 | 
54.6 | 06.7] 115) 114.1 | 14.0 173.7 : 39 | 235.2 292.8 | 36.0 | 
5 | 55.6 | 06.8 115.1 | 14.1 174.7 : 234.2 293.8 | 36.1 | 
56.6 | 06.9 116.1] 14.3 175.7 ; 37 | 285.2 294.8 | 86.2 | 
57.6 | 07.1 117.1 | 14.4]178 | 176.7 ‘ 256,2 5.8 | 36.3 | 
58.6 | 07.2 118.1 | 14.5 | 177.7 ’ 237.2 56.4 | 
59.6 | 07.3 | 1 119.1 | 14.6 178.7 2D 238.2 297.8 | 36.6 


Dist.) Dep. | Lat. | Dist.| Dep. | Lat. | Dist.| Dep. ist. at. ist.} Dep. | Lat. 
For 83 Degrees. rae 5h 32m, 


\SODIANIHRWHe 


e TABLE IL. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 8 DEGREES. 0h 32m, 


131| 129.7 
132| 130.7 
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For 82 Degrees. 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 9 DEGREES. 0h 36m, 
ist.| Lat. | Dep. | Dist. at. . ist.| Lat. | Dep. 
-} 60.2] 09.5} 121 j : 178.8 | 28.3 
2+ 61.2 | 09.7 | 122 : . 179.8 | 28.5 
62.2 | 09.9} 123 : ; 180.7 | 28.6 
63.2 | 10.0) 124 e b, 181.77) 28.8 
64.2 | 10.2 sc i 39 | 182.7] 28.9 
65.2 as a4. 9. >| 183.7) 89.1 
184.7 | 29.3 
185.7 | 29.4 
186.7 | 29.6 
| 187.7 | 29.7 
188.6 
189.6 
190.6 
191.6 
192.6 
195.6 
194.6 
195.6 
196.5 
197.5 
80.0 | 12.7 139.8 ; 198.5 
81.0} 12.8 21 140.3 | 22.2 1202] 199.5 
82.0 | 13.0 2 | 141.2 4 1208 | 200.5 
83.0 | 15.1 142.2} 22. 4} 201.5 
84.0 | 13.5 143.2 : 202.5 
84.9 | 13.5 »| 144.2 
85.9 | 13.6 ' | 145.2 
86.9 | 13.8 146.2 
87.9) 13.9 
838.9 | 14.1 


89.9 | 14.2 267.7 
90.9 | 14.4 50, Al 33. 2| 268.7 
91.9|14.5]153/ 151.1] 23.9 fat: 41 33. 3 | 269.6 
92,8 | 14.7] 15- 1} 24. 4/211.4| 33.5 |274 | 270.6 
93.8 | 14.9 g. 2 2.4} 38. 5 | 271.6 
94.8 | 15.0 i 3| 33.4 3 | 272.6 
95.8 | 15.2 55. 214.3] 33. 273.6 
96.8 | 15.3 56.1] 24, 8 | 274.6 
97.8 | 15.5 0| 24. 216. 3 1279 | 275.6 
98.8 | 15.6] 16 0| 25. 3| 34. 276.6 
15.8 95.2 1221 |218.3| 34. 277.5 
16.0] 162| 160.0] 25.3 |222/219.8| 34. 278.5 
16.1] 163} 161.0) 25.5 1223 | 220.3) 34. 3 | 279.5 
16.31 164 | 162.0| 25.7 | 224 | 221.2] 35. 280.5. 
16.4 165 |163.0| 25.8 | 225 | 222.2] 35.2 | 285 | 281.5 | - 
16.61 166 | 164.0} 26.0 |226 | 223.2} 35.4 | 286 | 282.5 
16.7| 167 | 164.9 | 26. 924,2| 35.: 283.5 
16.9|168 | 165.9 | 26.3 225,2| 35.7 |288 | 284.5 
17.1] 169 26.4 1229 | 226.2] 35.8 285.4 
17.2|170| 167.9] 26.6 |23 ~| 36.0 286.4 
17.4 3.9} 26.8 [231 | 228.2! 36.1 | 287.4 
17.5] 1% 9| 26.9 29.1| 36.3 288.4 
6117.7 9| 27.1 | 23: .1 | 36.4 ]298 | 289.4 
3117.8 9| 27.2 1234 1231.1} 36.6 |294| 290.4 
6} 18.0| 1% 8| 27.4 1235 | 282.1] 36.8 |295 | 291.4 
18.1 8 27.5 12: 3.1| 36.9 292.4 
18.3 8] 27.7% | 237 | 234.1] 37.1 293.3 | < 
18.5 5.8| 27.8 35.1| 37.2 |298 | 294.3 
18.6 8} 28.0 36.1] 37.4 |299 | 295.3 
18.8 77.8 | 28.2 |é 37.0| 37.5 1300 | 296.3 


Lat. | Dist.! Dep. | Lat. | Dist. Dep. | Lat. | Dist.| Dep. 
for St Degrees, 


23 
23 
28 


266.7 


co OO 


ee) 


ppc. TABLE IL 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 10 DEGREES. 0h 40m, 
Dep. | Dist.) Lat. | Dep. | Di .|_ Lat. | Dep. | 
21.0 [181 |178.8| 31.4 |241 | 237.3 41.8 
21.2 | 182) .79.2] 31, 238.3 | 42.0 
21.4 | 183] 150.2} 31.8 | 243 | 239.3 | 42.2 
184] 181.2] 82.0 |244 | 240.3] 42.4 
185 | 182.2] 82.1 |245 | 241.3] 42.5] 
186 | 183.2] 82.8 | 246 | 242.3 | 42.7 
187] 184.2} 82. ’ | 243.2 | 42.9 
188 | 185.1) 82.6 | 248 | 244.2} 43.1] 
189|186.1| 32.8 | 249 | 245.2| 43.2] 
190| 187.1] 38. 246.2 | 43.4} 


191 188.1] 38.2 }251 | 247.2 | 43.6] 
192] 189.1} 83.3 | 252 | 248.2 | 43.8] 
193} 190.1] 33.5 | 253 | 249.2 | 43.9 | 
194] 191.1] 33. 250.1! 44.1 | 
195 | 192.0| 88.9 }255 | 251.1 44.3] 

6 | 196 | 193.0| 4. 252.1 44.5 | 

81197 1194.0] 84.2 [257 | 258.1 | 44.6] 
198] 195.0| 34.4 | 258 | 254.1) 44.8] 

199 | 196.0| 84.6 1259 | 255.1 

200 | 197.0} 84.7 | 260 | 256.1 

201 | 197.9} 34.9 [261 | 257.0 

202 | 198.9] 35.1 | 262} 258.0 

203 | 199.9 | 35.3 | 263 | 259.0 

204 | 200.9 | 35. 260.0 

205 |201.9| 35.6 }265 | 261.0 

206 | 202.9 | 35.8 | 266 | 262.0 

207 | 203.9 | 35. 262.9 | 

208 | 204.8] 36.1 | 268 | 263.9 

209 | 205.8] 36.3 | 269 | 264.9 

210 | 206.8 | 36.5 | 270 | 265.9 
207.5 | 36.6 266.9 
208.8 | 36.8 | 272 | 267.9 


209.8 | 37.0 |273 | 268.9 
210.7 | 87.2 |274 | 269.8 
211.7} 87.3 ]275 | 270.8 
212.7| 37.5 |276| 271.8 
| 213.7| 87.7 | 277 272.8 
. 214.7| 87.9 1278 |; 
06.8] 99] 97.5] 17. .6] 27.6 |219| 215.7] 38.0 }279 | 
06.9 8.5 | 17. 57.6 | 27.8 1220| 216.7] 38.2 | 280 
158.6] 28.0 [221 | 217.6] 38.4 [281 
159.5] 28.1 ]222/ 218.6] 38.5 1282]: 
160.5 | 28.3 | 223] 219.6 283 
161.5 | 28.5 |224 | 220.6} 38.9 | 284 
162.5] 28.7 |225 | 221.6] 39.1 | 285 
163.5 | 28.8 }226 | 222.6] 39.2 [286 
164.5] 29.0 | 227] 223.6] 39.4 ]287 |: 
165.4) 29.2 [228 | 224.5] 89.6 ]288 |2 
166.4| 29.3 } 220 | 225.5] 39.8 |289 | 2s 
167.4} 29.5 | 230 | 226.5] 39.9 |290 | 285.6 |! 
9,5 168.4] 29.7 | 231 |227.5| 40.1 | 291 | 286.6 | 4 
5 0} 112 | 110.8 | 19. 169.4| 29.9 | 232 | 228.5 
52.2 | 09.2] 113] 111.3] 19. 170.4 | 80.0 | 233 | 229.5 
53.2 | 09. 3| 19. 171.4| 30.2 |234| 230.4 
54.2 | 09.6 | 115 | 113.3 | 20. 172.3] 30.4 [235 | 231.4 

5 | 55.1 | 09.7] 116 | 114.2 | 20, 173.3| 30.6 | 236 | 232.4 
57 | 56.1 | 09. 2| 20. 174.3] 30.7 | 237 | 233.4 

57.1 | 10. 3.2 | 20.: 175.3] 30.9 | 288 | 234.4 
58.1 | 10. 2] 20. 176.3] 31.1 [239 | 235.4 
59.1 : ).£ 177.3| 31.3 | 240 | 236.4 
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Mist. Den.| Lat. | Dist:! Dep. | Lat. | Dist.! Dep. / Lat. { Dist.}. Dep. at. | Dist.| Dep. | Lat. 
Cae Pet AOE og 1 aed 2 SS tial oe rhb beaches p ' P P 
For 80 Degrees. 5h 20m, 


TABLE It. 27 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 11 DEGREES. 0h 44m, 


{Dist Lat. | Dep.| Dist.| Lat. | Dep. | Dist.) Lat. | Dep. Lat. | Dep. Dist.| Lat. | Dep. 
1/01.0|00.2] 61) 59.9] 11.6 118.8} 23.1 177.7 | 34.5 | 241 | 256.6 | 46.0 
02.0|00.4] 62] 60.9) 11.8] 122] 119.8} 23.8 178.7 | 34.7 | 242 | 237.6 | 46. 
02.9| 00.6] 63} 61.8} 12.0 120.7 | 23.5 179.6 | 34.9 | 248 | 278.5 | 46.4 


121.7 | 23.7 
122.7 | 23.9 
123.7| 24.0 
124.7 | 24.2 
125.6| 24.4 
126.6 | 24.6 
127.6 | 24.8 
128.6 | 25.0 
2| 129.6 | 25.2 
130.6 | 25.4 
131.5 | 25.6 


180.6] 35.1 | 244 | 239.5 | 46.6 
04.9/01.0] 65] 63.8 | 12.4 
5105.9; 01.1] 66] 64.8 | 12.6] - 
06.9; 01.3] 67} 65.8} 12.8 


182.6 | 35.5 | 246 | 241.5 | 46.9 
247 | 242.5] 47.1 | 
248 | 243.4 | 47.3 
249 | 244.4 | 47, 


2 
3 
4103.9]00.8] 64] 62.8] 12.2 
5) 
6 
7 


8|07.9/01.5] 68] 66.8} 18. 
9/08.8/01.7] 69] 67.7 | 18.2 
110)09.8}01.9] 70} 68.7) 13.4] 15! 


211/10.8)02.1] 71| 69.7 | 13.5 
112/11.8)02.3] 72) 70.7) 138.7 
13 | 12.8| 02.5] 73) 71.7] 18.9 
114113.7|02.7] 74) 72.6) 14.1 


186.5! 36. 


187.5| 36.4 |251|246.4| 47.9 | 
188.51 36.6 1252 | 247.4/ 48.1 


190.4 | 37.0 | 254 | 249.3 | 48.5 


o 
115|14.7|02.9] 75| 73.6) 14.3 132.5] 25.8 191.4| 37.2 | 255 | 250.3 | 48.7 
216) 15.7/03.1] 76) 74.6) 14.5] - 153.5 | 26.0 192.4 | 37.4 | 256 | 251.3 | 48.8 J 
917) 16.7)03.2) 77) 75.6) 14.7 134.5} 26.1 193.4] 3 257 | 252.3 | 49.0 
18 | 17.7) 03.4] 78| 76.6} 14.9 135.5 | 26.3 194.4] 3 258 | 253.3 | 49.2] 
}19| 18.7} 03.6] 79) '7'7.5) 15.1 2 


186.4} 26.5 
137.4} 26.7 


195.5 


120 |19.6| 03.8] 80) 78.5) 15.3 196.3 | 88.2 [260 | 255.2 | 49.6 | 


181.6] 35.3 | 245 | 240.5 | 46.7 | 


250 | 245.4 | 47.7 | 


189.5 | 36.8 | 2538 | 248.4 | 48.3 | 


259 | 254.2 | 49.4 | 


121 |20.6/04.0] 81] 79.5} 15.5 138.4] 26.9. 197.3 | 3 261 | 256.2 | 49.8 
#22 | 21.6 | 04.2] 82} 80.5 | 15.6 139.4} 27.1 198.3 | 38.5 | 262 | 257.2 | 50.0 | 


123 |22.6/04.4] 83] 81.5] 15.8 
124 /23.6/04.6] 84] 82.5| 16.0 
125 |24.5/04.8] 85] 83.4] 16.2 
126 /25.5|05.0] 86] 84.4] 16.4 
127 | 26.5/05.2| 87] 85.4| 16.6 
128 |27.5/05.3] 88) 86.4] 16.8 
129/28.5/05.5] 89| 87.4} 17.0 
130 |29.4| 05.7] 90) 88.3/17.2 


140.4 | 27.5 
141.4] 27.5 
142.3) 27.7 
§| 143.3 | 27.9 
144.5 | 28.0 
145.3 | 28.2 
146.3 | 28.4 
147.2} 28.6 


199.3 | 38. 


| 201.2] 39. 
202.2 | 39. 
203.2 | 39. 
204.2 | 39. 
205.2 | 39.9 | 269 | 264.1 
206.1] 40.1 | 270 | 265.0 


265 | 260.1 | 50.6 


267 | 262.1 | 50.9 


oro 


263 | 258.2 | 50.2 | 
300.31 38.9 |264 | 259.1 150.4 | 


266 | 261.1 | 50.8 F 


268 | 263.1 | 51.1} 


ONDE OB, Ow 


] 

1 

131/30.4/05.9] 91} 89.5 | 17.4 148.2 | 28.8 207.1 | 40.3 | 271 | 266.0 | 51 

32131.4/06.1] 92} 90.3 | 17.6 149.2 | 29.0 208.1 | 40.4 | 272 | 267.0} 51. 

$38 | 32.4/06.3] 93) ° 91.3] 17.7 150.2 | 29.2 209.1 | 40.5 | 273 | 268.0 | 52. 

134133.4/06.5] 94] 92.3) 17.9 151.2) 29.4 210.1 | 40.8 | 274 | 269.0 | 52. 

35 | 34.4/06.7] 95] 93.3] 18.1 152.2 | 29.6 211.0] 41.0 | 275 | 269.9 | 52. 

36 | 35.3} 06.9] 96) 94.2) 18.3 153.1 | 29.8 >| 212.0) 41.2 | 276 | 270.9 | d2. 

137 | 36.3) 07.1] 97) 95.2] 18.5 154.1} 30.0 213.0} 41.4 | 277 | 271.9 | 52 
138 | 37.3 | 07.3] 98} 96.2} 18.7 155.1} 30.1 214.0] 41.6 | 278 | 272.9 | 53.0 § 
139 | 38.3 | 07.4] 99] 97.2] 18.9 156.1 | 30.5 215.0] 41.8 | 279 | 273.9 | 53.2 5. 


1 40 | 39.5 | 07.6) 100} 98.2) 19.1 216.0 42.0 | 280 | 274.9 53.4 | 


216.9| 42.2 |281 | 275.81 53.6} 


.1}19.5 

ah 160.0} 31.1 218.9] 42.6 | 283 | 277.8 | 54.0 
44 | 43.2 | 08.4] 104] 102.1 | 19.8 161.0] 31.3 219.9} 42.7 | 284 | 278.8 | 54.2 
45 | 44.2] 08.6] 105 | 103.1 | 20.0 162.0] 31.5 ) | 220.9 | 42.9 | 285 | 279.8 | 54.4 
46 | 45.2 | 08.8] 106 | 104.1 | 20.2 163.0 | 31.7 221.8) 43.1 | 286 | 280.7 | 54.6 | 
47 | 46.1 | 09.0 | 107 | 105.0 | 20.4 163.9 | 31.9 222.8 | 43.3 | 287 | 281.7 | 54.8 | 


51 | 50.1 | 09.7 | 111 | 109.0 | 21.2 167.9 | 32.6 226.8 | 44.1 [291 | 285.7 
852 | 51.0} 09.9} 112] 109.9 | 21.4 168.8 | 32.8 227.7 | 44.8 | 292 | 286.0 
53 | 52.0) 10.1] 118) 110.9 | 21.6 169.8 | 33.0 228.77 | 44.5 | 298 | 287.6 
54 | 53.0} 10.3 ]114] 111.9 | 21.8 170.8 | 53.2 229.7 | 44.6 | 294 | 288.6 
955 | 54.0] 10.5] 115 | 112.9 | 21.9 171.8} 35.4 230.7 | 44.8 | 295 | 289.6 
56 | 55.0 | 10.7] 116 | 113.9 | 22.1 3 | 231.7 | 45.0 |296 | 290.6 


232.6 | 45.2 | 297 | 291.5 
233.6 | 45.4 | 298 | 292.5 
234.6 | 45.6 | 299 | 293.5 
300 | 294.5 


175.7 | 34.2 
176.7 | 34.3 
Dist.! Dep. | Lat. 
For 79 Degrees. : Hh lou, 


or en en En ot CN OT on EN or 


eet el pe ah 
|W OH WOW — OWHM| 


a Dist.) Dep. Lat, | Dist. Dep. ‘Lat. 


ES PO a ca ea — 


917.9| 42.4 | 282 | 276.8 | 53.8 | 


988 | 282.7 | 55.04 
289 | 283.7 | 55.1} 
225.81 43.9 1290 | 284.7 | 55.3 | 


oR TABLE IL 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 12 DEGREES. 0h 48m, 2 


Dist.| Lat. Lat. -|_Lat. | Dep. | Dist.: Lat. | Dep. | Dist.| Lat. | Dep. 
ey 01.0 | 00.2 59.7 | 12.7 118.4 37.6 | 241 | 235.7 | 50.1 

2 | 02.0 | 00.4 60.6} 12.9 119.3 37.8 | 242 | 236.7 | 50.3 

3 | 02.9 | 00.6 61.6 | 13.1 120.3 38.0 | 248 | 237.7 | 50.5 
4 | 03.9 | 00.8 62.6 | 13.5 121.3 38.3 | 244 | 238.7 | 50.7 

5 | 04.9 | 01.0 63.6 | 15.5 122.3 38.5 | 245 | 239.6 | 50.9 

6| 05.9 | 01.2 64.6 | 15 123.2 38.7 | 246 | 240.6 | 51.1 
7 | 06.8 | 01.5 65.5 | 13.9 124.2 247 | 241.6 | 51.4 
8 | 07.8 | O1. 66.5 | 14.1 125.2 248 | 242.6! 51.6 
9 | 08.8 | O1.9 67.5 | 14.8 126.2 249 | 243.6: 51.8 
10 | 09.8 68.5 | 14.6 127.2 250 244.5 | 52.0 
11 | 10.8 | 02.3 69.4 | 14.8 128.1 251 | 245.5 | 52.2 
121 11.7 | 02.5 70.4 | 15.0 129.1 252 | 246.5 | 52.4 
13 | 12.7 | 02.7 71.4] 15.2 150.1 253 | 247.5 | 52.6 | 
14| 18.7 | 02.9 72.4 | 15.4 131.1 254 | 248.4 | 52.8] 
15 | 14.7 | 03.1 73.4 | 15.6 152.0 255 | 249.4 | 53.0] 
116) 15.7 | 03.8 74.3 | 15.8 155. 256 | 250.4 | 53.2 | 
17 | 16.6 | 03.5 75.3 | 16.0 134.0 257 | 251.4 | 53.4 
18 | 17.6 | 03.7 76.3 | 16.2 155.0 258 | 252.4 | 53.6 | 
19 | 18.6 | 04.0 77.3 | 16.4 136.0 259 | 253.3 | 53.8 
20 | 19.6 | 04.2 78.3 | 16.6 136.9 260 | 254.3 | 54.1 | 
121 | 20.5 | 04.4 79.2 | 16.8 137.9 261 | 255.3 | 54.3 
#22 | 21.5 | 04.6 80.2 | 17.0 138.9 262 | 256.3 | 54.5 
23 | 22.5 | 04.8 81.2) 17.3 139.9 263 | 257.3 | 54.7) 
24 | 23.5 | 05.0 82.2 | 17.5 140.9 264 | 258.2 | 54.9 § 
25 | 24.5 | 05.2 83.1 | 17.7 141.8 265 | 259.2 | 55.1 | 
| 26 | 25.4 | 05.4 84.1 | 17.9 >| 142.8 266 | 260.2 | 55.3 
27 | 26.4 | 05.6 85.1 | 18.1 143.8 267 | 261.2 | 55.5 
28 | 27.4 | 05.8 86.1 | 18.5 144.8; ¢ 268 | 262.1 | 55.7 
29 | 28.4 | 06.0 87.1 | 18.5 145.7 269 | 263.1 | 55.9 § 
30 | 29.3 | 06.2 88.0 | 18.7 146.7 270 | 264.1 | 56.1 | 
51 | 30.3 | 06.4 89.0 | 18.9 147.7 271 | 265.1 | 56.3 | 
132) 31.3 | 06.7 90.0 | 19.1 148.7 272 | 266.1 | 56.6 
$33 | 32.5 | 06.9 91.0} 19.3 149.7 273 | 267.0 | 56.8 | 
34 | 35.3 | 07.1 91.9} 19.5 150.6 274 | 268.0 | 57.0 | 
35 | 34.2 | 07.3 92.91 19.8 151.6 275 | 269.0 | 57.2 | 
36 | 35.2 | 07.5 93.9 | 20.0 3 | 152.6 276 | 270.0 | 57.4 } 
37 | 36.2 | 07.7 94.9 | 20.2 153.6 277 | 270.9 | 57.6 § 


1388 | 37.2 | 07.9 
139 | 38.1 | 08.1 
140 | 59.1 | 08.3 


141 | 40.1) 08.5 
| 42] 41.1 | 08.7 
143 | 42.1] 08.9 
144} 43.0| 09.1 
145 | 44.0 | 09.4 
46 | 45.0 | 09.6 
H 47 | 46.0 | 09.8 
48 | 47.0 | 10.0 
149 | 47.9] 10.2 
150 | 48.9 | 10.4 


154.5 
155.5 
156.5 
157.5 | 33.5 | 221 | 216.2 
158.5 | 33.7 | 222 | 217.1 
159.4] 33.9 | 223} 218.1 
160.4 | 34.1 | 224 | 219.1 
161.4} 34.3 | 225 | 220.1 
| 162.4| 34.5 | 226 | 221.1 
163.4] 34.7 | 227 | 222.0 
164.3 | 84.9 | 228 | 223.0 
165.3 | 35.1 | 229°} 224.0 
166.3 | 35.3 | 230 | 225.0 
167.3 | 35.6 | 231 | 226.0 
168.2] 35.8 | 282 | 226.9 
169.2 | 36.0 | 235 | 227.9 
170.2} 86.2 | 234 | 228.9 
171.2 | 36.4 | 235 | 229.9 
172.2 | 36.6 | 236 | 230.8 
173.1 | 36.8 | 257 | 231.8 
-| 174.1 | 37.0 | 238 | 232.8 
175.1} 87.2 [239 | 233.8 F ¢ 

9 1300 | 293.4 | 62.4 5 


4.9718 Hs 37.4 | 240 | 234.8 tA 
at. |Dist.| Dep. | Lat. | Dist. Dep. Dist.| Dep ; Lat. 


For 73 Degrees. 5h 12m, 


278 | 271.9 | 57.8 | 
279 | 272.9 | 58.0] 
280 | 273.9 | 58.2 | 
281 | 274.9 |58.4 | 
282 | 275.8 | 58.6] 
288 | 276.8 | 58.8 | 
284 | 277.8 | 59.0} 
285 | 278.8 | 59.3) 
286 | 279.8 | 59.5 | 
287 | 280.7 | 59.7} 
288 | 281.7 | 59.9 | 
289 | 282.7 | 60.1] 
290 | 283.7 | 60.3 
291 | 284.6 | 60.5 
292 | 285.6 | 60.7 
293 | 286.6 | 60.9 
294 | 287.6 | 61.1 
295 | 288.6 | 61.3 
296 | 289.5 | 61.5 
297 | 290.5 | 61.7 
298 | 291.5 | 62.0 
299 | 292.5 | 62.2 


3} 100.7 | 21.4 
101.7 | 21.6 
102.7 | 21.8 
51103.7 


TABLE 1. 29 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 13 DEGREES. 0h 52m, 


.| Dist.| Lat. | Dep. Lat. . | Dist.| Lat. | Dep. 
121|}117.9| 27.2 | 181 | 176.4 : 234.8 | 54.2 
122)118.9} 27.4 | 182) 177.3 9 TS 235.8 | 54.4 
128] 119.8] 27.7 | 1831178.8 z 43 | 236.8 | 54.7 
124] 120.8] 27.9 79. A? 237.7 | 54.9 | 
125} 121.8) 28.1 35 &: € 238.7 | 55.1 
126 | 122.8} 28.3 ; ; 8 ft 239.7 | 55.3 
127 | 123.7] 28.6 | 32.5 2, 240.7 
128 | 124.7] 28.8 , A 6 241.6): 
129 | 125.7] 29.0 ; 

126.7 | 29.2 1190) 185.1 

127.6} 29.5 11911 186.1 

128.6] 29.7 1192) 187.1 

129.6} 29.9 }193) 188.1 

130.6} 30.1 1194] 189.0 

131.5] 30.4 190.0 

132.5 | 30.6 191.0 

133.5 | 30.8 192.0 

134.5! 31.0 192.9 

135.4] 31.3 I} 193.9 

136.4] 31.5 ]2 194.9 

137.41 31.7 1 195.8 

138.4} 31.9 |202/ 196.8 

139.3 | 32.2 | 203) 197.8 

140.8 | 32.4 | 204] 198.8 

141.3} 32.6 | 205 | 199.7 

>| 142.5] 32.8 | 206 | 200.7 

143.2] 33.1 12 wu 

144.2} 33.3 | 208 | 202.7 

145.2) 33.5 12 203.6 

146.2 | 33.7 15 204.6 

147.1} 34.0 205.6 

148.1 2 1212 | 206.6 
153 | 149.1 1A 15 207.9 
154 | 150.1 6 1214} 208.5 
155 | 151.0 ; 2 | 209.5 
156 | 152.0] 35. 210.5 
157 | 153.0 Sd 4 211.4 
158 | 154.0] 35.5 ]218 | 212.4 
159 | 154.9} 35.8 I$ 213.4 
160 | 155.9] 36.0 | 2201 214.4 
161 | 156.9| 36.2 |221/ 215.3 
162 | 157.8 » 222 | 216.3 
163 | 158.8] 36. 2d 217.3 
164 | 159.8 218.3 
165 | 160.8 219.2 
166 | 161.7 d | 220.2 J : 
167 | 162.7 7,44 12 AL oY 9.6 | 64.6 
168 | 163.7 222.2 B14 © .6 | 64.8 
169 | 164.7 nas. I 5 | 289 | 281.6 | 65.0 
170 | 165.6 224.1 Mt dd fe 282.6 | 65.2 


171 | 166.6) 38. 225.1] 52.0 | 5 283.5 | 65.5 
172 | 167.6 “7 | 232 | 226.1 | 52.2 | 292 | 284.5 | 65.7 
173 | 168.6 ; 227.0 | 52.4 |% 285.5 | 65.9 
174 | 169.5 ; 228.0 6 | 294 | 286.5 | 66.1 
175 | 170.5 P 229.0} 52.9 | 295 | 287.4 | 66.4 
176 | 171.5] 39. 250.0 1 4] 2s 66.6 
177 | 172.5 8 |: 230.9} 53.3 | 5 289.4 | 66.8 
178 | 173.4 ’ 231.9} 53. 

179 | 174.4 ; 232.9 | 53.8 

180 | 175.4 ‘4 53.8 | 54.0 fe 


Dist.| Dep. | Lat. 
Por 77 Degrees. 


G9 G9 CD C9 CO 09 OD 
GD a-EmPr— ANS 
WOM We © 


x aaah | TABLE IL. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 14 DEGREES. 0h 56m, 


01.0/ 00.2] 61] 59.2] 14. 117.4| 29. 6| 43.8 |241 1233.8 | 58.3] 
01.9|00.5}] 62} 60.2| 15.0] 122]118.4} 29.5 | 18 ; 2 | 234.8 | 58.5 | 
02.9/00.7] 63} 61.1] 15. 119.3 | 29. 3( 177. 3 | 243 | 235.8 
03.9 | 01.0 62.1 | 15. 120.3 P 5 44, 14. |236.8 
04.9} 01.2} 6 63.1 j 25 | 121.3 y : i 237.7 
05.8 | 01.5 64.0 | 16. 122.3 ; , ‘ 238.7 
06.8 | 01.7 65.0 | 16. 123.2 ‘ ; 239.7 
07.8 | 01.9 66.0 | 16. 124.2] 31. 2.4] 45. 240.6 
08.7 | 02.2 67.0] 16.7] 129 | 125.2] 31. A! 45, 241.6 
09.7 | 02.4 67.9 91130] 126.1 j 4: 46. 242. 6 


10.7 | 02.7 68.9 | 17.21131| 127.1! 31. 2 1251 | 243.5 | 60.71 


COIR Am OWH| 


11.6] 02.9| 72] 69.9 | 17. 2| 128.1 244.5 | 61.0 | 
3| 12.6 | 08.1 70.8 | 17.7] 183 | 129.0 245.5 | 61.2 
13.6! 03.4 71.8 | 17.9] 134| 130.0 246.5 | 61.4] 
14.6 | 03.6 72.81 18.1] 135 | 131.0 247.4| 61.7] 
15.5| 03.9] 76] 73.7} 18.4] 136 | 132.0 61.9} 
16.5 | 04.1 14.7 | 18. 132.9 62,2} 
17.5 | 04.4 75.7118. 133.9 62.4} 
18.4 | 04.6 134.9 62.7 | 
19.4 | 04.8 135.8 
136.8 
. 137.8 
22.3 | 05.6 5 | 20. 138.8 
23.3 | 05.8 5 | 20. 139.7 
5124.3/06.0] 85] 82. 5 | 140.7 
5 25.2|06.8] 86] 83. 81146] 141.7 
27 | 26.2 | 06.5 4/21. 142.6 
27,21 06.8 143.6 | 
144.6 
145.5) 36. 
146.5 | 36. 
147.5 | 36. 205.7 | Si 
148.5 | 87.0 | 213] 206.7] 51.5 | 273 : 264.9 | 66.0 
149.4 . 207.6: 51.8 [274 | 265.9 | 66.3 | 
150.4} 37. 208.6} 52.0 [275 | 266.8 : 

209.6] 52.3. | 276 | 267.8 

1910.6] 52.5 1277 | 268.8 

95, 211.5 | 52.7 | 278 | 269.7 
37.8|09.4] 99} 96.1/24.0] 159] 1548 J 212.5| 53.0 [279 | 270.7 ! 
38.8 | 09.7} L a7) 21160 | 155. 3.7 |220| 213.5] 53.2 | 280 | 271.7 | 67.7} 
39.8 | 09.9 98.9 | 24.41161 | 156. 4, 5 [281 | 272.7| 68.0} 
40.8 | 10.21102] 99.0} 24.71 162 | 157. 215.4| 53." 2|273.6 | 68.2} 
41.7|10.4|103] 99.9] 24.9] 163 | 158.5 3. 9 [283 | 274.6) 68.5 § 
42.7 | 10.6 | 10¢ .9 | 25.2] 164! 159.1] 39. 217. 4.2 |284 | 275.6 | 68.7 [ 
43.7} 10.9]. 9 | 25.4] 16: 1] 39.9 | 225 | 218.3] 54.4 |285 | 276.5 | 68.9} 
3144.6] 11.1 5 | 102.9 | 25.61 166 2 | 2: 9.3) 54. 277.5 |.69.2 5 
45.6 | 11.4 3.8 | 25.91 167 | 162. y 290.31 54. 278.51 69.45 
| 46.6 | 11.6} 108 8 | 26.1] 168 | 163. if .2 [288 | 279.4 | 69.7} 
47.5/11.9 5.8 |26.41169| 164.0] 40. 292.2! 55.4 |289/280.4/69.9 | 
48.5 | 12.1] 1: 3.7 | 26.61170 | 165. te 223, 6 [290 '281.4/70.2] 
1511 49.5 | 12.3 7 | 26.9 3D, 224.1] 55.9 1291 '282.4/|70.4§ 
152) 50.5.) 12.6] 11: 8.7 | 27.1] 172 | 166. 25.1! 56.1 | 292 283.3 | '70.6 | 
153 /51.4| 12.8]113] 109.6 | 27.3] 17: 3. A |298 ' 284.3 | '70.9 
1541 52.41 13, 6| 27.6 38. 1 | 234] 227.01 56.6 | 294! 285.3] 71.1 
155 | 53.4] 18.3] 113 .6| 27.8] 175 | 169. 228.0! 56.9 | 295°: 286.2 | 71.4 
156 | 54,31 18.5 ]116 | 112.6] 28.11 176 | 170. 229.0! 57.1 | 296 '287.2| 71.6] 
157 | 55.3] 13.8 3.5 | 28.3 .7| 42.8 |237| 230.0] 57.3 [297 , 288.2 | 71.9 
158 | 56.3 | 14.0] 1 5128.5 2, -1 | 238 | 230.9! 57.6 [298 | 289.1 | 72.1] 
159 | 57.2 | 1431119] 115.5 | 28.8] 179] 173.7] 43. 231.9| 57.8 | 299 290.1 | 72.3 
160 | 58.2 | 14.5 29.0] 180) 174.7] 43.5 |240 | 232.9] 58.1 | 300 | 291.1 | 72.6 
HDist. -Dep. | Jat. | Di ist.| Dep. | Lat. Dep. | Lat. | Dist.} Dep. | Lat. 

For 76 Degrees. 5h 4m, 
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| TABLE ll. 81 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 15 DEGREES. jh Om, 


Do 
— 
nm 

ct 


Dist. Lat. | Dep. 


174.8| 46.8 

175.8| 47.1 

176.8 | 47.4 

177.7| 47.6 

178.7| 47.9 

31179.7| 48.1 

180.6 | 48.4 

: 181.6 | 48.7 

33.4 1189 | 182.6] 48.9 
09.7 | 02.6 6| 18. 125.6 | 33.6 183.5 


10.6 | 02.8 | - .6| 18. 126.5 ; 184.5 
11.6} 03.1 ; 18 127.5 | 34. 921 185.5 
12.6 | 03. 128.5 i 3| 186.4 
13.5 | 03.6 i 129.4] 84. 187.4 
14.5103.9| 7 5| 180.4 : 188.4 
15.5 | 04.1 ; : 131.4 .2 [196 | 189.3 
16.41 04.4 132.3] 35. 7 | 190.8 
17.4] 04.7 5. .21 138! 183.3] 35. 191.3 
18.41 04.9 6.4 9} 134.3] 36. 9 | 192.2 
19.3 | 05.2 135.2| 36.5 193.2 
20.3 | 05.4 ; OF. 136.21 36.5 194.2 
22 121.8/05.7] 8% pee 137.21 36. 195.1 
3} 22.2)}06.0} 88 ie 3) 188.1 .O {203 1196.1 
23.2 | 06.2 1] 21.7] 1441 189.1] 37.¢ 197.0 
140.1 J 51 198.0 
5| 141.0 8 [206 | 199.0 
142.0] 38. 71199.91 5s 
143.0) 38.3 [208 | 200.9] 53.8 |268 | 238, 
143.9 ; 201.9 1 1269 | 259.8 
144.9] 88.8 }210| 202.8] 54.4 [270 | 260.8 
; 145.9} 39.1 |é 208.8] 54.6 1271 /261.8 
30.91 08.34 9% 9 | 23. 2/1146.8| 39.3 1212 | 204.8] 54.9 1272 | 262.7 
31.91 08.5] 931 89.8 | 24.1] 153 | 147.8 213 | 205.7| 55.1 1273 | 268.7 
32:81 08.8 206.7 74 | 264.7 
33.81 09.1 207.7 75 | 265.6 
5134.8] 09.3 216 | 208.6! 55.4 5 | 266.6 
37 | 35.7 | 09.6 |} 209.6 2 1277 | 267.6 
36.7 | 09.8 210.6 8 | 268.5 
37.7110. 19) 95.6 211.51 56.7 1279 | 269.5 
138.6] 10. 96.6 212.5 9 | 280 | 270.5 
39.6 213.5 .2 [281 | 271.4 
; 162) 156.5 22/214.4 5 1282 | 272.4. 
163 | 157.4} 42.2 $223 7215.4 “7 1283 | 2738.4 
164 | 158.4| 42.4 |224/216.4] 58. 34 | 274.3 
165 | 159.4 | 42.7 | 225] 217.8] 58.2 | 285 | 275.3 
.41166/160.3 | 43.0 1226] 218.3] 58.5 | 286 | 276.3 
108.4 | 27.7] 167] 161.3] 43.2 1227 | 219.3 ; 277.2 
104.3 | 28.0] 168 | 162.3} 43.5 | 228 | 220.21 59. 3 | 278.2 
105.3 | 28.21 169 | 163.2] 43.7 | 229 | 221.2] 59.3 | 289 | 279.2 
150 |} 48.3 | 12.9 106.3 | 28.51 170 | 164.2] 44.0 | 280 | 222.2 J 280.1 


49.3/138.211 107.2 .¢| 171 | 165.2 8 | 251 | 228.1 
50.2 | 13.5 108.2 | 29.0] 172 | 166.1 5 | 232 | 224.1 
01.2) 13.71113] 109.1 £21173 | 167.1 4.8 | 2383 | 225.1 
52.2) 14.0 110.1 | 29.5] 174 | 168.1} 45.0 | 234 | 226.0 
53.1] 14.2 111.1 81175 | 169.0} 45.8 | 235 | 227.0 
>} 54.1) 14.5 112.0 .01176| 170.0] 45.6 | 236 | 228.0 
55.1 | 14.8 113.0 | 80.3] 177} 171.0} 45.8 | 237 | 228.9 
56.0 | 15.0 114.0 | 30.5) 178 | 171.9 1 1238 | 229.9 
57.0} 15.3] 119 | 114.9 | 30.8] 179 | 172.9 8 1239 | 230.9 
98.0 | 15.5] 120/115.9 .1] 180 | 173.9 3.6 1240 | 231.8 
Lat. at. | Dist.| Dep. Dist. | Dep. 


* For 75 Degrees. 
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TABLE IL. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 16 DEGREES. 1h 4m, 
“Dep. | Dist.| Lat. | Dep. 


58.6 | 16.8 { 174.0| 49.9 | 241 | 231.7 | 66.4 
59.6 | 17.1 , 174.9) 50.2 | 242 66.7 
$3. | 175.9 | 50.4 | 248 | 233.6 | 67.0 
176.9 | 50.7 [244 | 234.5 | 67.3 
177.8 | 51.0 | 245 | 235.5 | 67.5 | 
178.8 | 51.8 | 246, 5 | 67.8 
179.8 | 51.5 [247 4} 68.1 
‘ ; : 180.7 | 51.8 | 248 4} 68.4 
08.7 | 02.5] 6 : ‘ : 4 181.7 | 52.1 | 249 4 | 68.6 
09.6 | 02.8 é : 0 | 182.6 | 52.4 | 250 3 | 68,9 ff 
10.6 | 03. | : 5, 33.6} 52.6 | 251 | 241.3 | 69.2 
11.5 | 03. : ; 2 36.- 6} 52.9 | 252 | 242.2 | 69.5 
12.5 | 03. ‘ 1] 18 31185.5| 53.2 | 253 | 243.2 | 69.7 
13.5 | 03. AERO: 36.9. 5} 53.5 [254 | 244.2 | '70.0 
| : 53.7 [255 | 245.1 | 70.38 
4 d Of Le ‘ 54.0 [256 | 246.1 | 70.6 
16.5 | 04. : A ISL : 9.4| 54.3 | 257 | 247.0! 70.8 
17.3 | 05. : i 182.7 j 90.3 | 54.6 | 258 | 248.0 | 71.1 
18.3 | 05. ; : 133.6 ; 3} 54.9 [259 | 249.0 | 71.4 
19.2 | 05. : 134.6 : 92.3 | 55.1 [260 | 249.9 [71.7 


20.2 | 05. : ; 135.5 | 38. 93.2} 55.4 [261 | 250.9 | 71.9 
21.1) 06.1] 8: : 2.6 136.5 : 2} 55.7 | 262 | 251.9 | 72.2 
22.1 | 06. ; 157.5 | 39.4 |< 95.1 | 56.0 | 2638 | 252.8 | 72.5 
23.1 | 06.6 é ot | 23.5 158.4 | 39. 1 | 56.2 [264 | 258.8 | 72.8 
24.0 | 06. 7 | 23. 139.4 O | 1} 56.5 | 268 | 254.7 

| 25.0 | 07.2 5} 82.7) 23. >| 140.3 ae © 0} 56.8 | 2066 | 255.7 
26.0 | O7. § | 24. 141.5 9.0 | 57,1 | 267 | 256.7 

28 | 26.9 | 07.7 34.6 | 24. 3 | 142.3 9} 57.3 | 268 | 257.6 
27.9 85. 4. 143.2 , 9| 5%6 [269 | 258.6 

30} 28.8] 08.3] ¢€ 3.8 | 24, 00 | 144.2 ; 9 | 57.9 [270 | 259.5 
dl | 29.8 | 08.5 7.5 | 25. 145.2 d 2.8] 58.2 | 271 | 260.5 
132 /30.8/ 08.8} 9: 3.4] 20. 2| 146.1 ; 2 / 203.8} 58.4 | 272} 261.5} 
433) 51.7 | 09.1 ‘ } € 147.1} 42.2 |5 204.7 | 58.7 | 273 | 262.4 
34/)52.7| 09.4] © 4] 25. 148.0 42.< .7| 59.0 1274 | 263.4 
535.6 | 09.6} 98 : - 149.0 | 42. .7 | 59.3 [275 | 264.3 
5|34.6109.9} 96} 92.3 | 26.5} 156 | 150.0! 43. j 6 | 59.5- 1276 | 265.3 
39.6 | 10.2 | 938.2 | 26. 150.9 oe» .6| 59.8 [277 | 266.3 | 
36.5 | 10.5 i : 151.9} 43. 209.6 | 60.1 [278 | 267.2 
152.8 : 210.5} 60.4 | 279 | 268.2 

153.8 : .5 | 60.6 [280 | 269.2 | 77. 


154.8| 44.4 | 2% 2.4} 60.9 [281 | 270.1} 7 
155.7 | 44,7 Al 61.2 1282 | 271.117 
156.7 | 44.9 } 2 41 61.5 | 283 | 272.0! 78 
157.6 | 45.2 | 224) 215.3} 61.7 [284 } 2738.0 | 78.3 | 
158.6 | 45. 31 62.0 
}| 159.6} 45.8 }226 | 217.2] 62.3 
160.5 | 46. 2) 62.6 
161.5] 46.3 |228|219.2| 62.8 
63.1 
63.4 
63.7 
63.9 
64.2 1293 | 281.6 
64.5 | 294 | 282.6 
64.8 | 295 | 283.6 
65.1 | 296 | 284.5 
65.3 | 297 | 285.5 
8} 118. 65.6 | 298 | 286.5 
59 | 56.7 .4|32.8]179| 172.1! 49.3 1239 | 229.7| 65.9 | 299 | 287.4 
60 | 57.7 16. 5.4] 33.11 '3.0| 49.6 1240 | 230.7} 66.2 | 300} 288.4 
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Dist.) Dep. | Lat. | Dist. ). at. | Dist.| Dep. | Lat. ist. . | “Lat. Dist. | Dep. 
For 74 Devsrees. 4 56™, 


TABLE IH. 33 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 17 DEGREES. ]h 8m, 
Dist.) Lat. | Dep. | Dist.| Lat. | Dep. | Dist.| Lat. Dep. | Dist.; Lat. | Dep. 

01.0|}00.5]} 61) 58. ; 1) 115.7) 35. 175.1 
01.9| 00.6] 62 : : 2| 116.7 5 174.0 
02.9 | 00.9 f b. 3| 117.6] 36. 175.0 
03.8} 01.2] 6 y1. : 118.6 | 36.: 176.0 
04.8 | 01.5 ‘ ; 119.5 | 36. 176.9 
05.7 | 01.8 ; é 6 | 120.5 ). 177.9 
06.7 | 02.0 ‘ . 121.5 ; 178.8 
07.7 | 02.5 ID. : . 179.8 
08.6 | 02.6 : . 2.4) 37, 180.7 

181.7 


10.5 | 03.2 9 | 20. 182.7 
11.5 | 03.5 9 | 21. 3. 6 183.6 
12.4 | 03.8 8| 21. 184.6 
13.4/ 04.1 8| 21. | 128. 185.5 
14.3| 04.4 7 | 21. 186.5 
5115.3 | 04.7 7 | 22. 187.4 
16.3 | 05.0 6 | 22. 188.4 
17.2| 05.3 6 | 22. 2, 189.3 
18.2 | 05.6 5 |28.11 13! 6 190.3 
19.1 | 05.8 5 | 28. j § 191.3 
20.1} 06.1 5 | 23. 2 1201 | 192.2 
21.0 | 06.4 A|; 35. F 193.2 
22.0 | 06.7 4| 24.3] 14: 8 [203] 194.1 
23.0 | 07.0 3| 24.6] 144| 137.7| 42. 41195.1 
23.9 | 07.3 1.3 | 24. 5 1196.0 
24.9/07.6| 86] 82.2} 25. 51189. . 197.0 
25.8 | 07.9 2| 25.4] 1 6| 43. 198.0 
26,8 | 08.2 2 | 25. 41.5] 43.3 1208] 198.9 
27.7 | 08.5 1 | 26.0] 14¢ 5| 43.6 199.9 
28,7 | 08.8 3.1 | 26. 3.4] 43. )| 200.8 


29.6 | 09.1 0 | 26.6 ‘ 4, 201.8 
30.6 | 09.4} 92 } ). : A 1212 | 202.7 
31.6 | 09.6 9) 27.2, 1 ). AT 1213 | 203.7 
| 32.5 | 09.9 9 | 27, ; D. 204.6 
33.5/ 10.2] 96 F s ; 3. 5 | 205.6 
9} 34.4) 10.5 8 | 28. 2 : | 206.6 
35.4 | 10.8 : : : 9 |: 207.5 
36.5 | 11.1 : : ie 8 | 208.5 
37.5 | 11.4 4, ; : t + 9 | 209.4 
38.3 | 11.7 : ; ; d. 210.4 


39.2 | 12.0 : : 4, } 21 | 211.38 

40.2 | 12.3] 10° : ; A ‘ 2 | 212.3 

41.1 | 12.6 8. : : , 213.3 

42.1) 12.9 : : : 214.2 

43.0 | 13.2 F : j : ‘ 215.2 
»} 44.0 | 13.4 ; ; : : 216.1 ) ) 3.9 | 83.6 

44.9 | 13.7 j : ) : ‘ : i 0 | 83.9 

45.9 | 14.0 ‘ , a ‘ : - 4 | 84.2 

46.9 | 14.3] 108 . 1. 9. : . 6.4 | 84.5 | 

47.8 | 14.6 105.% 2. ; IT. 2 | 84.8 

48.8 | 14.9 

49.7} 15.2 

50.7 | 15.5 

51.6) 15.8 

52.6 | 16.1 


52.6 


“Dp. Lat. 


Kor 73 Degrees. 


ch. A ee 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 18 DEGREES. 1 12m, 
D:st. | dunt. | Dep. -| Lat. De y Dist. Lat. Dep. | 
18.9] 121! 115.1) 37.4 55.9 (241 /229.2|'74.5 | 
19.2] 122 | 116.01 37.7 73.1] 56.2 | 242 | 230.2; 74.85 
19.51 1231117.0' 38.0 5.6 | 243 | 231.1 | 75.14 
124|117.9| 38.3 56.9 1244 | 232.1 | 
125/118.9) 88.6 57.2 |: 233.0 
126/119.8| 88.9 5 1246 | 234.0 
127 | 120.8 | 39.2 17.8 234.9 
128 | 121.7) 39.6 58, 935.9 
129 | 122.7 | 39.9 4 1249/2386 8 | 76. 
130 | 123.6 | 40.2 58. 50 | 237.8 | 77.3 J 
131 124.6, 5 181.7 0 1251 | 2238.7 | 77.68 
182} 125.5 182.6 | 59.3 | 252 | 239.7] 77. 


( 
9 
133 | 126.5 183.6] 59.6 ]253 | 240.6} 78.2} 
91134 | 127.41 47, 184.5] 59.9 [254 1241.6} 78.5] 
23.21 135.| 128.4| 41. 185.5 | 60.3 [255 |} 2429.5} 78.8 | 
23.5] 136 | 129.8 | 42. 186.4 | 60.6 | 256 | 243.5 |'79.1 § 
23.8] 137 | 130.38 s 187.4 9 1257 | 244.4 |79.4 5 
24.1} 138} 131.2! 42.6 188.3 | 61. S | 245.4 | 79.7 | 
24.41139) 132.2] 43. 189.8} 61.5 | 259 (246.3 | 80.0% 
24.71140} 133.1) 43.8 190.2} 61.8 | 260 | 247.3} 86.3 | 
25.0] 141 | 134.1) 43. 191.2} 62, .2|80.7} 
25.31 142| 135.1 J 192.1 4 | 262) 249.2181.0] 
25.61 148) 136.0 193.1] 62.7 | 263 {250.1 | 81.3} 
26.0] 144} 187.0} 44.5 |2041194.0] 63.0 [264 | 251.1 | 81.65 
26.3] 145 | 187.9 195.0 | 63.3 | 265 | 252.0 | 81.9% 
26.61146} 1388.9] 45.1 |5 195.9 | 63.7 | 266 | 253.0} 82.2] 
26.91147| 189.8} 45. 196.9 
27.21 148] 140.8! 45. 197.8 
27.51 149| 141.7) 46. 198.8 
27.81150| 142.7 | 46. 199.7 
3.5 | 28.1] 1511 148.6] 46. 200.7 | 65.5 
28.4] 152 | 144.6 201.6 
98.7]153 | 145.5 3 202.6 
29.0) 154} 146.5) 47.€ 203.5 
29.41 155 | 147.4 204.5 
29.71 156 | 148.4 } 
30.0] 157 | 149.3 
30.3] 158 | 150.3 | 
30.6] 159 | 151.2 
30.9] 160 | 152.2 


31.2)161 | 153.1 8 7221 | 210.2| 68.3 
31.5] 162 | 154.1] 50,1 | 222) 211.1} 68.6 2 , 268.2 
531.8} 163 | 155.0 4 4228 | 212.1) 68.9 } 285 | 269.1 
; 164 | 156.0} 50.7 }224 | 2138.0} 69.2 | 284 | 270.1 
165 | 156.9 QO J 225 4.0} 69.5 271.14! 
166 | 157.9 > 226 4.9} 69.8 | 286 | 272.0] 88. 
167 | 158.8 | 51.6 | 227 3.9 | 70.1 273.0 | 83. 
44168 | 159.8 9 | 228 | 216.8 | 70.5 [288 | 273:9 
(| 169 | 160.7 2 7 220)217.8) 70.8 | 289 | 274.9 
170 | 161.7] 52.5 [2350 /218.7} 71.1 275.8 | § 


171 | 162.6] 52.8 [281/219.7| 71.4 27 
172/163.6 53.2 |282/ 220.6) 71.7 |292 | 277 
173 | 164.5 58.5 1233] 221.6] 72.0 27 
174|165.5 53.8 | 234] 222.5] 72.3 | 294 | 279.6 
175|166.4 54.1 |235 | 223.5] 72.6 |295 | 280.6 
176 | 167.4] 54.4 1236} 224.4] 72.9 |296/ 281.5 
177 | 168.3] 54.7 1287 | 225.4] 73.2 | 297 | 282.5 | § 
17% | 169.3} 55.0 | 288 | 226.4 |. 73.5 283.4 
179 | 170.2 239 | 227.3| 73.9 | 299 | 284.4 | 92. 
180 | 171.2 | 55.6 | 240 | 228.3] 74.2 1300 | 285.3 | 98 
Dist.| Den. | Lat. [Dist.| Dep. | Lat. | Dist.| Dep. | Lat. 
4 48m, 


+ 
‘ 


» 


For 72 Decrees 


az 


TABLE IL. 35 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 19 DEGREES. 1h 16m, 


Dist. Lat. | Dep. Dist. | Lat. | Dep. Dist. | Lat. | Dep. Dist. Lat. Dep. | 


1/|00.9| 00.5] 6 114.4) 39.4 241 | 227.9 | '78.5 | 
2|01.9|00.7} 62 115.4} 39.7 242 | 228.8 | 78.8 | 
3| 02.8) 01.0] 63 116.3 | 40.0 243 | 229.8 | 79.1} 
4103.8) 01.3] 64 117.2| 40.4 244 | 230.7 | 79.4 f 
5|04.7| 01.6] 65 118.2} 40.7 245 | 231.7 | 79.8 
6 | 05.7 | 02.0] 66 119.1} 41.0 246 | 232.6] 80.1 | 
7 | 06.6 | 02.5] 67 120.1] 41.8 247 | 233.5 | 80.4 | 
8 | 07.6 | 02.6] 68 121.0) 41.7 248 | 234.5 | 80.7 | 
9| 08.5 | 02.9] 69 122.0] 42.0 249 | 235.4] 81.1] 


122.9 || 42.3 
123.9 | 42.6 
124.8 | 43.0 
125.8 | 48.38 
126.7 | 43. 
127.6] 44.0 
>| 128.6] 44.8 
1129.5] 44.6 
130.5 | 44.9 
181.4] 45.3 
182.4] 45.6 
133.3 | 45.9 
134.3] 46.2 
135.2 | 46.6 
136.2 | 46.9 
Pet. UIOAEY 
>| 1388.0) 47.5 


250 | 236.4] 81.4 J 
251 | 237.8|81.7] 
252 | 238.3 | 82.0] 
253 | 239.2 | 82.4 | 
254 | 240.2 | 82.7 | 
255 | 241.1 | 83.0] 
256 | 242.1] 83.3 | 
257 | 243.0 | 83.7] 
258 | 243.9 | 84.0 § 
259 | 244.9 | 84.8 
260 | 245.8 | 84.6 § 


4 [261 | 246.8 | 85.08 
262 | 247.7 | 85.3 | 
263 | 248.7 | 85 6} 
264 | 249.6 | 86.0 | 
265 | 250.6 | 86.5 | 
266 | 251.5 | 86.6} 


202 | 191.0 
203 | 191.9 
204 | 192.9 
205 | 193.8 
206 | 194.8 


27 | 25.5] 08.8} 87 139.0 | 47.9 | 207 | 195.7 267 | 252.5} 86.9] 
128 | 26.5/ 09.1] 88 139.9 | 48.2 | 208 | 196.7 268 | 253.4 | 87.3 f 
F229 | 27.4) 09.4) 89 140.9 | 48.5 | 209 | 197.6 269 | 254.3 | 87.69 
430 /28.4/09.8] 90 141.8] 48.8 | 210] 198.6 270 | 255.3 | 87.9 | 


271 | 256.2 | 88.2 § 
272 | 257.2] 88.6 | 
278 | 258.1 | 88.9 | 
274 | 259.1] 89.24 
275 | 260.01 89.5 § 
276 | 261.0] 89.9 § 
277 | 261.9 | 90.2 } 
278 | 262.9 | 90.5 | 
279 | 2638.8 | 90.8 
280 | 264.7 | 91.2} 
281 | 265.7} 91.59 
282 | 266.6] 91.8 | 
283 | 267.6 | 92.1 F. 
284 | 268.5 | 92.5 4- 
285 | 269.5 | 92.8 | 
286 | 270.4| 93.1 | 
287 | 271.4] 93.4] 
288 | 272.3 | 98.8 | 
289 | 273.3 | 94.1} 

274.2 


49.2 }211 | 199.5 
212 | 200.4 
215) 201.4 
214 | 202.3 
215 | 203.5 
216 | 204.2 
217 | 205.2 
218 | 206.1 
219 | 207.1 


1391 36.9 12.74.99 
| 1037.81 13.0] 100 
} 41 /33.8| 13.3].101 
f42139.7| 18.7] 102 
3) 40.7 | 14.0] 103 
41.6) 14.3] 104 
845 | 42.5) 14.71 105 
j46 | 43.5) 15.0] 106 
BAT | 44.41 15.3] 107 
143 | 45.4) 15.6] 108 
149 | 46.3 | 16.0] 109 
150 | 47 110 


151) 48. 111 275.1 
2} 49.2) 16.91 112 292 | 276.1} 95.1} 
53|50.1/17.81113 293 | 277.0| 95.4 | 
54151.11 17.6] 114 294 | 278.0 | 95.7 § 
155 | 52.0] 17.9] 115 295 | 278.9 | 96.0 | 
B56 | 2.9] 18.2] 116 296 | 279.9 | 96.4 | 
P5715 9118.6) 117 297 | 280.8 | 96.7 | 
£58 /54.3)18 9] 118]. 298 | 281.8 | 97.0 | 
859 |55.81 19.2] 119 299 | 282.7 | 97.3 | 


56.7 | 19.5 | 120 


300 283.7 97.7 
| Dep. _Lat. Dist. 


Dist.| Dep. Lat. | 


HEE 


Kor 71 Degrees. 


La 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 20 DEGREES. 


"TABLE IL 


For 70 Devrees. 


Dist.) Lat. | Dep. Dist.) Lat. Dep. Dist.| Lat. | Dep, | Dist.| Lat. _ 
1100.9 57.3 | 20.9 113.7 | 41.4] 181] 170.1 
2/ 01.9 58.3 | 21.2 114.6 | 41.7] 182} 171.0 
3| 02.8 59.2 | 21.5 115.6 | 42.1] 183 | 172.0 
4/ 03.8 60.1 | 21.9 116.5 | 42.4] 184 | 172.9 
5 | 04.7 61.1 | 22,2 117.5 | 42.8] 185 | 173.8 
6 | 05.6 62.0 | 22. 118.4 | 43.1] 186 | 174.8 
7 | 06.6 63.0 | 22.9 119.3 | 48.4] 187 | 1'75.7 
8 | 07.5 63.9 | 23.3 120.3 | 43.8] 188 | 176.7 
9 | 08.5 64.8 | 23.6 121.2 | 44.1] 189 | 177.6 
10 | 09.4 65.8 | 23.9 122.2} 44.5]190| 178.5 
11} 10.8 66.7 | 24.3 123.1 | 44.8]191| 179.5 
12}11.3 67.7 124.0 | 45.1] 192] 180.4 
13 | 12.2 68.6 125.0 | 45.5] 193 | 181.4 
14| 13.2 69.5 | 25. 125.9 | 45.8] 194 | 182.3 
15| 14.1 70.5 | 25. 126.9 | 46.2] 195 | 183.2 
16 | 15.0 71.4 | 26.0 127.8 | 46.5] 196 | 184.2 
17 | 16.0 | 72.4 | 26.3 128.7 | 46.9] 197! 185.1 
18 | 16.9 13.3 | 26.7 129.7 | 47.2]198/ 186.1 
19| 17.9 74.2 | 27.0 130.6 | 47.51 199 | 187.0 
201 18.8 75.2 | 27.4 131.6 | 47.9 | 200 | 187.9 
21119.7 76.1 | 27. 132.5 | 48.2 188.9 
22 | 20.7 77.1 | 28.0 | 133.4 | 48.6 189.8 
23 | 21.6 78.0 | 28.4 134.4 | 48.9] 5 190.8 
24 | 22.6 78.9 135.3 | 49.3 191.7 
25 | 23.5 79.9 | 29.1 136.3 | 49.6 192.6 
26 | 24.4 80.8 | 29.4 137.2 | 49.9 | 206 | 193.6 
Q7 | 25.4 81.8 | 29.8 138.1 | 50.3] ¢ 194.5 
28 | 26.3 82.7\% 139.1 | 50.6 195.5 
29 | 27.3 83.6 | 30.4 140.0 51.0 196.4 
30 | 28,9 $4.6 | 30.8 | 150 | 141.0 | 51.3): 197.3 
31 | 29.1 91] 85.5/31.1 141.9 | 51.6]: 198.3 | 72.2 
32130.1 86.5 | 31.5] 152 | 142.8 | 52.0 199.2| 72.5 
33131.0 87.41 31.8] 153 | 143.8 | 52.3 200.2 | 72.9 
341319 88.3 | 32.1 | 154 | 144.7 | 52.7 201.1 | 738.2 
35 | 32.9 89.3 | 32.5| 155 | 145.7 | 53.0 202.0 | 73.5 
36 133.8 90.2 | 32.8] 156 | 146.6 | 53.4 203.0 '73.9- 
137 | 34.8 91.2 | 33.2| 157 | 147.5 | 53 203.9 | 74.2 
138 | 35.7 | 18. 92.1 | 33.541 158 | 148.5 | 54.0 204.9} 74.6 
39 | 36.6 | 13. 93.0 | 33.9| 159 | 149.4 | 54.4 205.8 | 74.9 
140 | 37.6 | 1: 94.0 | 34.2] 160 | 150.4 | 54.7 206.7 | 75.2 
41|38.5 94.9 | 34.5] 161 | 151.3] 55.1 207.7 
421 39.5 95.8 | 34.9 | 162 | 152.2 | 55.4 208.6 
43 | 40.4 96.8 | 35.2] 163 | 153.2 | 55.7 209.6 
441 41.3 97.7 | 35.6] 164 | 154.1 | 56.1 210.5 
45 | 42.3 98.7 | 35.9] 165 | 155.0 | 56.4 211.4 
46 | 43.2 99.6 | 36.3] 166 | 156.0 | 56.8 212.4 
47 | 44,2| 16.1] 107| 100.5 | 36.6] 167 | 156.9 | 57.1 213.3 
48 | 45.1} 16.4] 108! 101.5 | 36.9] 168 | 157.9 | 57.5 214.2 
49 | 46.0 109 | 102.4 | 37.31 169 | 158.8 | 57.8 215.2 
50 | 47.0 110 | 103.4 | 37.6] 170 | 159.7] 58.1 216.1 
511 47.9| 17.4] 111 | 104.3} 38.0 160.7 | 58.5 | 231 | 217.1 
52/48.9| 17.8] 112 | 105.2] 38.3 161.6 | 58.8 | 232 | 218.0} 79.3 
531 49.8 | 18.1] 113 | 106.2 | 38.6 162.6 | 59.2 | 233 | 218.9! 79.7 
54150.7| 18.51 114! 107.1 | 39.0 163.5 | 59.5 | 234 | 219.9! 80.0 
55|51.7| 18.8] 115| 108.1 | 39.8 164.4 | 59.9 | 235 | 220.8] 80.4 
56 | 52.6 | 19.2}116 | 109.0 | 39.7 165.4) 60.2 | 236 | 221.8! 80.7 
157 | 53.6/ 19.5} 117] 109.9 | 40.0 166.3 | 60.5 | 237 | 222.7| 81.1 
58/1 54.5|19.8]118| 110.9 | 40.4 167.3 | 60.9 | 238 | 223.6 81.4 
59155 4) 20.2]119)| 111.8] 40.7 168.2} 61.2 | 239 | 224.6| 81.7 
60 | 56.4 | 20.5 | 120} 112.8 | 41.0].180 | 169.1 | 61.6 | 240 | 225.5 | 82.1 
PDist.| Dep. | Lat. | Dist.! Dep. Lat. Dist. | Dep. | Lat. | Dist.| Dep. Lat. 


241 


+1290 


1h 20m, 
Dist. _ Lat. Dep. 


226.5} 82.4 
242 | 227.4 


252 | 236.8 


281 | 264.1 
282 | 265.0 
283 | 265.9 
284 | 266.9} 97.1 
285 | 267.8 
286 | 268.8 
287 | 269.7 
288 | 270.6 
289 | 271.6 
272.5 


291 | 273.5] 99.5] 
292 | 274.4} 99.9] 
293 | 275.3 | 100.2 
294 | 276.3 | 100.6 
295 | 277.2 | 100.9 
296 | 278.1} 1Fi.2 
297 | 279.1} * J1.6] 
298 | 280.0 101.9 
299 | 281.0 ; 102.3 | 
300 | 281.9 | 102.6 


Dist.| Dep. | Lat. | 
4h 40m, 


TABLE I, 37 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 21 DEGREES, 1h 24m, 
Dist.| Lat. | Dep. | Dist.| Lat. at. .| Dist.| Lat. . | Dist.| Lat. | Dep. 
225.0 | 86.4} 
225.9 86.7 | 
226.9| 87.1} 
227.8} & 
228.7 
229.7 
250.6 
231.5 
232.5 
233.4 
254.3 
235.5 
236.2 
237.1 
238.1 
) | 239.0 
239.9 
240.9 
241.8 
242.7 
243.7 
244.6 
245.5 
246.5 
247.4 
266 | 248.3 
7 | 249.8 
250.2 
251.1 
252.1 


253.0 
2 | 253.9 
254.9 
255.8 
256.7 
257.7 
258.6 
259.5 
260.5 
261.4 


262.3 
263.3 
264.2 
265.1. 
266.1, 
) | 267.0 
267.9 
268.9 


159.6 
160.6 
161.5 
162.4 
163.4 : 
>| 164.38 | 63.1 
165.2 | 63.4 
166.2 | 63.8 
167.1 | 64.1 
168.0 | 64.5 
Dep. | Lat. 
For 69 Degrees. 


38 


Dist. Lat. Dep. | Dist. 


Lat. | Dep. | Dist. 


167.8 | 67.8 
168.7] 68.2 
169.7| 68.6 
170.6} 68.9 
171.5} 69.5 
172.5] 69.7 
173.4 | 70.1 
174.5 | 70.4 
175.2 | 70.8 
176.2 | 71.2 
high ear Bs 
178.0 | 71.9 
178.9 | 72.3 
ETO | F207 
180.8 | 73. 

181.7.| 73.4 
182.7 | 73. 

183.6 | 74.2 
184.5) 74.5 
185.4 | 74.9 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 22 DEGREES. 1h 28m, 
Lat. | Dep. 


Dist.| Lat. | Dep. 

241 | 223.5] 90.3 
242 | 224.4) 90.7 
243 | 225.3] 91.0 
244 | 226.2] 91.4 
245 | 227.2] 91.8 
246 | 228.1] 92.2] 
247 | 229.0} 92.5 
248 | 229.9} 92.9 
249 | 230.9 | 93.8 
250 | 231.8) 93.7 
251 | 2382.7) 94.0] 
252 | 238.7] 94.4 
253 | 2384.6} 94,8 
254 | 235.p| 95.2 
209 ie 95.5 
256 | 257.4} 95.94 
aol y) gs 96.3 9 
258 | 239.2| 96.6 
259 | 240.1] 97.0 
260 | 241.1} 97.4] 


186.4} 75.3 
187.3 | 75.7 


3| U88.2 | 76.0 


189.1 | 76.4 
190.1 | 76.8 
EO i Tee 


TAPER TTS 


192.9) 77.9 
193.8 | ‘78.5 
194.7 | 78.7 


| 00.9|00.4] 61] 56.6 112.2} 45.3] 181 
2/01.9100.7] 62] 57.5 113.1 | 45.7] 182 
8/02.8101.1] 63] 58.4 114.0 | 46.1] 183 
1 4/03.7/01.5| 64| 59.8 115.0 | 46.5! 184 
1 5/04.6/01.9| 65| 60.3 115.9 | 46.8} 185 
1 6/1 05.61 02.2] 66] 61.2 116.8 | 47.2| 186 
f 7106.5/ 02.6] 67] 62.1 117.8 | 47.6] 187 
1 s/07.4/03.0] 68! 63. 118.7| 47.9] 188 
1 9/08.3103.4] 69] 64.0 119.6 | 48.3} 189 
1 10/09.3}03.7| 70} 64.9 120.5 | 48.7 | 190 
fil |10.2|04.1] 71] 65.8 121.5} 49.1] 191 
fi? 111.1/04.5] 72! 66.8 122.4| 49.4] 192 
H13/12.1/04.9] 73) 67.7 123.3 | 49.8] 193 
114113.0105.2| 74] 68.6 124.2 | 50.2] 194 
115|13.9|05.6] 75] 69.5 125.2 | 50.6} 195 
1161 14.81}06.0] 76] 70.5 126.1 | 50.9} 196 
#17{}15.8}06.4] 771 71.4 127.0 | 51.3 }197 
118|16.7/06.7| 78] 72.81: 128.0 | 51.7] 198 
#19}17.6107.1] 79] 73.2 128.9 | 5211199 
b 2 |18.5]07.5] 80] 74.2 129.8 | 52.4 | 200 
221119.5107.9] 81] 75.1 130.7 | 52.8} 201 
422) 20.4] 08.2] 82) 76.0 131.7 | 53.2] 202 
#23 |21.3}08.6] 83! 77.0 182.6 | 53.6 | 208 
} 24 | 22.3109.0] 84] 77.9 133.5 | 53.9 | 204 
f 25 | 23.21 09.4] 851 78.8 134.4 | 54.3 | 205 
#26 | 24.1/09.7] 86] 79.7 135.4 | 54.7 | 206 
1271 25.0)10.1] 87} 80.7 136.3 | 55.1 | 207 
f 28 | 26.0} 10.5] 88} 81.6 137.2 | 55.4 | 208 
129 126.9)10.9] 89] 82.5 138.2 | 55.8 | 209 
130 27:8|11.2] 90] 83.4 139.1 | 56.2 | 210 
131/28.7/11.6] 91| 84.4 140.0156.6} 211 
1321 29.71 12.0] 92] 85.3 140.9| 6.51212 
133 |30.6]12.4] 93] 86.2 141.9 | 57.8 1213 
434) 31.5)12.7] 94) 87.2] 35. 142.8 | 57.7] 214 
135 |32.5/13.1] 95} 88.1] 35 148.7 | 58.1] 215 
136 | 33.4] 13.5] 96] 89.0 144.6 | 58.4 | 216 
1 37 | 34.3) 18.9] 97] 89.9 145.6 | 58.8 | 217 
138)35.2/14.2] 981 90.9]: 146.5 | 59.2] 218 
139136.2/14.6] 99] 91.815 147.4 159.6] 219 
4 40 187.1] 15.0]100} 92.7] 5 148.3 | 59.9 | 220 
H 4! |38.0}15.4]101] 93.6 149.3 | 60.3 | 221 
#42/38.9115.71102| 94.6 150.2 | 60.7 | 222 
143 | 39.9/16.11103) 95.5] ¢ 151.1 | 61.1 | 223 
144) 40.8116.5]104) 96.4 152.1 | 61.4 | 224 
1451 41.7)16.9]105| 97.4\% 153.0 | 61.8 | 225 
146 | 42.7] 17.2] 106! 98.3 153.9 | 62.2 | 226 
1.47 | 43.6 | 17.6]107] 99.2 154.8 | 62.6 | 227 
148 | 44.5/ 18.0] 108] 100.1 155.8] 62.9 | 228 
19 | 45.4) 18.4]109! 101.1 156.7 | 63.3 | 229 
50 | 46.4] 18.7] 110! 102.0 157.6 | 63.7 | 230 
151 | 47.3] 19.1] 111} 102.9 158.5 | 64.1 | 231 
152) 48.2] 19.5] 1121 103.8 2| 159.5 | 64.4 | 232 
153. | 49.1} 19.9] 113} 104.8 | 42 160.4 | 64.8 | 233 
454.1 50.1 | 20.2] 114] 105.7 161.8 | 65.2 | 234 
155 | 51.0} 20.6] 115 | 106.6 | - 162.3 | 65.6 | 235 
156 | 51.9} 21.0] 116 | 107.6 163.2 | 65.9 | 236 
57 | 52.8 | 21.4] 117] 108.5 164.1 | 66.3 | 237 
158 | 53.8 | 21.7] 118 | 109.4 165.0 | 66.7.1 23 
59 | 54.7 | 22.1]119] 110.3 166.0 | 67.1} 239 
60 | 55.6 | 22.5] 120/111.3 166.9 | 67.4 | 240 


Dist, Dep. _ Lat. Dist. 


Dep. 


Lat. Dist.| Den. De 2D: | Lat. Lat. | Dist. 


195.6 | 79.0 
196.6 | 79.4 
197.5] 79.8 
198.4 | 80.2 
199.5 | 80.5 
200.3 | 80.9 
201.2) 81.8 
202.1), B17 
203.1 | 82.0 
204.0 | 82.4 


204.9 | 82.8 
205.8 | 83.2 
206.8 | 83.5 
207.7 | 83.9 
208.6] 84.8 
209.5 | 84.7 
210.5 | 85.0 
211.4) 85.4 
212.3 | 85.8 
213.3} 86.2 


214.2} 86.5 
215.1) 86.9 
216.0} 87.5 
217.0} 87.7 
217.9 | 88.0 
218.8] 88.4 
219.7) 88.8 
220.7 | 89.2 


221.6] 89.5 
2 22.5) 89.9 
“Den. Lat. 


TS LM SAS I TE, 


eye ety on roo e 


a TEIT = 


261 | 242.0] 97.8] 
962 | 242.9| 98.1] 
263 | 243.8| 98.5 
264 | 244.8] 98.9 
265 |245.7| $9.3] 
266 | 246.6] 99.6] 
267 | 247.6 | 100.0 
268 | 248.5] 100.4 | 
269 | 249.41 100.8 | 
270 | 250.31 101.1 
271 |251.3| 101.5 
Q72 | 252.2 | 101.9 
273 | 253.1] 102.3] 
274 | 254.0 | 102.6) 

275 | 255.01 103.01 
276 | 255.91 103.41 
277 | 256.8 | 103.8 | 
Q78 | 257.8 | 104.1 | 
279 | 258.7 | 104.5 | 
280 | 259.6 | 104.9 | 


281 | 260.5 | 105.3 
282 | 261.5} 105.6} 
283 | 26 
284 
285 
286 
287 | 26 
288 
289 
290 


291 
292 | 2 
293 
294 
295 
296 
297 | « 
298 | « 
299 
300 


tate eb Dee ten es Se reaig 


4h $2 2m, 


121.5 
122.4 
123.3 
124.3 
125.2 
126.1 
127.0 
128.0 
128.9 


131.6 
132.6 
133.5 
134.4 


TABLE IL. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 28 DEGREES. 


120.6 | 51.2 


129.8 |: 
130.7 | 55. 


.6]210 | 193.3 


209 | 192.4 


39 
1h 32m, 


Dep. |Dist.| Lat. | Dep. | 


70.7 1241 }221.8| 94.2] 
T1.1 | 242 |222.8) 94.6] 
71.5 | 243 1223.7] 94.9} 
71.9 | 244} 224.6| 95.3] 
72.3 1245 |225.5| 95.7] 
72.7 1246 226.4] 96.1] 
73.1 |247 | 227.4] 96.5] 
73.5 1248 | 228.3] 96.9] 
73.8 1249 | 229.2) 97.3] 


74,2 


74.6 | 251 | 231.0 
75.0. | 252 | 232.0 


250 | 230.1 | 97.7 
98.1 
98.5 § 


75.4 | 253 | 232.9] 98.95 
75.8 | 254 | 283.8 | 99.2 | 


76.2 1255 |234.7| 99.6f 
76.6 | 256 | 235.6 | 100.0 
77.0 |257 | 286.6 | 100.4] 
77.4 |258 | 237.5 | 100.8 | 
717.8 | 259 | 238.4 | 
78.1 |260 | 239.3 


78.5 | 261 | 240.3 
78.9 | 262 | 241.2 
79.3 | 2638 | 242.1 
79.7 | 264 | 243.0 
265 | 2438.9 
266 | 244.9 


268 | 246.7 
269 | 247.6 
270 | 248.5 


82.4 1271 | 249.5 


105.1 
105.5 | 
105.9 
106.3 | 
106.7 
107.1} 
107.5 f 


¥ 
3 


_——$—$—$—— J 


239 
240 | 220.9 
Dist.| Dep. | Lat. 


40 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 24 DEGREES. 


Dist.) Lat. | Dep. | Dist. 


eo 
COMR HOP COW eH 


| | 


— jp 
— 


—_— — 
rm C2 


A 15 


SS Se | ek ee ie See 


24.7 


>| 32.9 


~ | 38.4 


00.4 
00.8 
01.2 
01.6 
02.0 
02.4 
02.8 
03.3 
03.7 
04.1 


00.9 
01.8 
02.7 
03.7 
04.6 
05.5 
06.4 
07.3 
08.2 
09.1 
10.0 
11.0 
11.9 
12.8 
13.7 
14.6 
15.5 
16.4 
17.4 
18.3 


04.5 
04.9 
05.5 
05.7 
06.1 
06.5 
06.9 
07.5 
07.7 
08.1 


08.5 
08.9 
09.4 
09.8 
10.2 
10.6 
11.0 
11.4 
11.8 
12.2 


19.2 
20.1 
21.0 
21.9 
22.8 
23.8 


25.6 
26.9 
27.4 
28.5 
29.2 
30.1 
d1.1 


32.0 


12.6 
15.0 
15.4 
13.8 
14.2 
14.6 
15.0 
15.5 
15.9 
16.3 


16.7 
ri 
17.5 
79 
18.5 
18.7 
19.1 
19.5 


33.8 
54.7 
39.6 
536.5 
37.5 


39.3 
40,2 
4T.1 
42.0 
42.9 
43.9 
44.8 


45.7 | 20.3 


19.9] 


Lat. 


55.7 
56.6 
57.6 
58.5 


59.4 |. 


60.3 
61.2 


62.1 | « 


63.0 
63.9 
64.9 


TABLE IL. 


Dist Dep. | Lat. | Dist. 


46.6 
47.5 
48.4 
49.3 
50.2 
51.2 
52.1 
53.0 
53.9 
54.8 


20.7 
21.2 
21.6 
22.0 
22.4 
22.8 
23.2 
25.6 
24.0 
24.4 


1h 36m, 
Lat. | Dep. | Dist.| Lat. Lat. Dep. 
110.5 | 49.2] 181 | 165.4 220.2] 98.0 
111.5 | 49.6} 182 | 166.3 221.1} 98.4 
112.4} 50.01 183 | 167.2 222.0] 98.8 
113.3 | 50.4] 184 | 168.1 222.9] 99.2 
114.2 | 50.8] 185 | 169.0 223.8] 99.7 
115.1 | 51.21 186 | 169.9 224.7} 100.1 
116.0 | 51.7] 187 | 170.8 225.6 | 100.5 
116.9 | 52.1 | 188 | 171.7 226.6 | 100.9 
117.8 | 52.5] 189 | 172.7 227.51 101.3 
118.8 | 52.9] 190 | 173.6 228.41 101.7 
119.7 | 58.8] 191 | 174.5 229.3] 102.1 
120.6 | 53.7 | 192 | 175.4 230.2 | 102.5 
121.5 | 54.1 1193 | 176.3 231.1] 102.9 
122.4 | 54.5 | 194 | 177.2 232.0] 103.3 
123.3 | 54.9] 195] 178.1 233.0 | 103.7 
124.2 | 55.38 ]196] 179.1 233.9 1104.1 
125.2 | 55.7 | 197 | 180.0 234.8 | 104.5 
126.1 | 56.1 | 198 | 180.9 235.7 | 104.9 
127.0 | 56.5]199 | 181.8 236.6 | 105.3 
127.9 | 56.9 | 200 | 182.7 237.5 | 105.8 
128.8 | 57.3 | 201 | 183.6 238.4 | 106.2 
129.7 | 57.8 | 202 | 184.5 239.3 | 106.6 
130.6 | 58.2 | 203 | 185.4 240.3 | 107.0 
131.6 | 58.6 | 204 | 186.4 241.2 | 107.4 
132.5 | 59.0 | 205 | 187.3 242.11 107.8 
)| 183.4] 59.41 206 | 188.2 243.0 | 108.2 
134.3 | 59.8 | 207 | 189.1 243.9 | 108.6 
185.2 | 60.2 | 208 | 190.0 244.8 | 109.01 
136.1 | 60.6 | 209 | 190.9 245.7 | 109.4 
157.0 | 61.0]210/ 191.8 246.7 | 109.8 
137.9} 61.4/211 192.8 247.6 1110.2 
138.9 | 61.8] 212 193.7 248.5 | 110.6 
58 | 139.8 | 62.2 | 213 194.6 249.4] 111.0 
140.7 | 62.6 | 214 | 195.5 250.3 | 111.4 
141.6 | 63.0 | 215 | 196.4 251.2) 111.9 
142.5 | 63.5 | 216 | 197.3 252.1 | 112.3 
143.4 | 63.9 | 217 | 198.2 253.1 | 112.7 
144.3 | 64.3 ] 218 | 199.2 254.0] 113.1 
145.3 | 64.7 | 219 | 200.1 254.9 | 113.5 
146.2 | 65.1 | 220 | 201.0 255.8 | 113.9 
147.1 | 65.5 | 221 | 201.9 256.7 | 114.8 
148.0 | 65,9 | 222 | 202.8 257.6 | 114.7 
148.9 | 66.3 | 223 | 203.7 208.5 1115.1 
149.8 | 66.7 | 224 | 204.6 259.4] 115.5] 
150.7 | 67,1 | 225 | 205.5 260.4 | 115.9 
151.6 | 67.5 | 226 | 206.5 261.8 1116.3 
152.6 | 67.9 | 227 | 207.4 262.2] 116.7 
153.5 | 68.3 | 228 | 208.3 263.1) 117.1 
154.4 | 68.7 | 229 | 209.2 264.0 | 117.5 
155.5 | 69.1 | 280 | 210.1 264.9 | 118.0 
156.2 | 69.6 | 231 | 211.0 265.8 | 118.4 
157.1 | 70.0 | 2382 | 211.9 266.8 | 118.8 
158.0 | 70.4 | 233 | 212.9 267.7 | 119.2 
159.0 | '70.8 | 234 | 213.8 268.6 | 119.6 
159.9 | '71.2 | 235 | 214.7 269.5 | 120.0 
160.8 | 71.6 | 236 | 215.6 270.4 | 120.4 
161.7 | 72.0 | 237 | 216.5 271.3 | 120.8 
162.6 | '72.4 | 288 | 217.4 272.2} 121.2 
163.5 | '72.8 | 239 | 218.3 273.2 | 121.6 
164.4 | '73.2 | 240 | 219.3 274.1 | 122.0 
Dep. | Lat. | Dist.| Dep. ist.| Dep. | Lat. 
For 66 Degrees. 4h 94m, 


TABLE Il. 41 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 25 DEGREES. 1h 40m, 


Dist| Lat. | Dep. | Dist. . | Dep.|Dist.| Lat. | Dep.|Dist.| Lat. | Dep. | Dist.| Lat. | Dep. 
00.9 | 00.4] 6 3 | 25. 109.7 | 51.1 164.0] 76.5] 241 | 218.4 | 101.9 
OLS } ) 5, 5. 110.6 ; 51.6] 182 | 164.9 9 | 242 | 219.3 | 102.3 

é 5 ; 111.5 ; 33 | 1635.9 3 | 248 | 220.2 | 102.7 

112.4 ‘ 54 166.8 8 | 244 | 221.1 | 103.1 
113.3 | 52. 35 167.7 2 | 245 | 222.0 | 103.5 F- 
| 114.2 | 53. >| 168.6 .6 | 246 | 223.0 | 104.0 
115.1 | 53. 169.5 0 | 247 | 223.9 | 104.4 | 
116.0 | 54. 3 | 170.4 .5 | 248 | 224.8} 104.8 
116.9 : 171.3 9,9 | 249 | 225.7 | 105.2 
117.8 | 54. 23 81 250 | 226.6 | 105.7 } 


118.7 | 55. 173.1 “| 251 | 227.5 | 106.1 
119.6 | 55. 174.0 .1 | 252 | 228.4 | 106.5 
120.5 | 56. 174.9 6 | 253 | 229.3 | 106.9 
175.8 .O | 254 | 230.2 | 107.3 
176.7} 82.4] 255 | 231.1 | 107.8 | 
3| 177.6 .8 | 256 | 232.0 | 108.2 
178.5 | 83.3 | 257 | 232.9 | 108.6 
179.4| 83.7] 258 | 233.8 | 109.0 
180.4 1 | 259 | 234.7 | 109.5 | 
181.3 4.5 | 260 | 235.6 | 109.9 | 


182.2} 84.9} 261 | 236.5 | 110.3 | 
183.1) 85.4 | 262 | 237.5 | 110.7 
184.0] 85.8263 | 238.4) 111.1 
184.9| 86.2] 264 | 239.3) 111.6] 
185.8| 86.6 | 265 | 240.2 | 112.0 
206|186.7| 87.1] 266 |241.1| 112.4] 
187.6| 87.5] 267 | 242.0 /| 112.8 
188.5| 87.9] 268 | 242.9 | 113.3 
189.4| 88.3] 269 | 243.8 | 113.7] 
135.9 | 63.4] 210|190.3| 88.7] 270 |244.7| 114.1] 


136.9 | 63.8 2] 271 | 245.6 | 114.5 | 
137.8 | 64.2 192. 6 | 272 | 246.5 | 115.0 
158.7 | 64.7 3 | 193. Y | 275 | 247.4 | 115.4 
274 | 248.3 | 115.8 
9 | 275 | 249.2 | 116.2] 
141.4 | 65.9 | 216 3 | 276 | 250.1 | 116.6 
142.3 | 66.4] 217 | 196. 01277 $251.0), 117.1 

; 1] 278 | 252.0 | 117.5 
144.1 | 67.2 ) a 6 | 279 | 252.9 | 117.9 
145.0 | 67.6 | 2: i -0 | 280 | 258.8 | 118.3 | 


281 | 254.7| 118.8] 
282 | 255.6 | 119.2] 
256.5 | 119.6 
257.4 | 120.0] 
258.3 | 120.4 | 
259.2 | 120.9] 
260.1 121.8 
261.0 | 121.7 
5: 96. 261.9 | 122.1 | 
154.1] 71.8 2 262.8 | 122.6 


111 | 100.6 | 46. 155.0 | 72.3 | 2 ‘ 91 | 263.7 | 128.0 
112 | 101.5 | 47. 155.9 | 72.7 210. : 2 | 264.6 | 123.4 
113 | 102.4 | 47. 156.8 | 73.1 5 : 3 | 265.5 | 128.8 | 
114 | 103.3 | 48. : ; : ae 266.5 | 124.29 
115 | 104.2 ; ; ‘ : . t 95 | 267.4 | 124.7 
116) 105.1 0 Oe 4} 2: ; 96 | 268.3 | 125.1 | 
117 | 106.0 | 49. j 8] 2 269.2 | 125.5 
118 | 106.9 | 49. . ; 215.7 | 100.6 270.1 | 125.9 
119 | 107.9 | 50. g 39 | 216.6 | 101.0} 299 | 271.0 | 126.4 
120 | 108.8 | 50.7 | . 217.5 | 101.4 271.9 | 126.8 


Dep. | Lat. ist.| Dep. | Lat. 
For 65 Degrees. 4h 20m, 


42 


Dist.) Lat. Dep. 


COMrRIrDor WWE 


#21 
4 22 
y 24 
y 25 
g 265 
A 27 
428 
129 
A 30 


131 


2 | 28.8 


A DY) 
py 
8 
159 
1 60 


00.9 | 00.4 
01.8 | 00.9 
02.7 | 01.3 
03.6 | 01.8 
04.5 | 02.2 
05.4 | 02.6 
06.3 | 03.1 
07.2 | 03.5 
08.1 | 03.9 
09.0 | 04.4 


09.9 | 04.8 
10.8 | 05.8 
11.7 | 05.7 
12.6 | 06.1 
13.5 | 06.6 
14.4 | 07.0 
15.8 | 07.5 
16.2 | 07.9 
17.1 | 08.3 
18.0 | 08.8 


18.9 | 09.2 


19.8 | 09.6 
20.7} 10.1 
21.61 10.5 
22.5 | 11.0 
23.4) 11.4 
24.3/11.8 
25.21 12.3 
26. 1jAzF 
27.0 | 13.2 
27.9 | 13.6 
14.0 
14.5 
14.9 
TH3 
15.8 


29.7 
50.6 


31.5 


20.2 
20.6 
21.0 
B15 
21.9 
8 | 22.4 
22.8 


23.2 


50.5 
D1.2]: 
52,1 
53.0 


53.9 


61 54.8 


50.7 
56.6 
57.5 
58.4 
59.3 


99.8 
100.7 


101.6 | 49. 


102.5 


103.4 | 5 


104.3 
105.2 


106.1} £ 
107.0 | 5% 


107.9 


21179 


PABLIE I. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 26 DEGREES. 1h 44m, 


151 
152 
153 
154 
155 
156 
157 
15s 
159 
160 


S161 


162 
165 
164 
165 
166 
167 
168 
169 


170 | 


171 
172 
173 
174 
175 
176 
177 
178 


180 


129.4 


Lat. | Dep. 
108.8 | 53.0 
109.7 | 53.5 
110.6 | 53.9 
111.5454.4 
112.3 | 54.8 
113.2 | 55.2 
114.1 | 55.7 
115.0 | 56.1 
115.9 | 56.5 
116.8 | 57.0 


LIT out 
118.6 | 57.9 
119.5 158.3 
120.4 | 58.7 
121.31 59.2 
122.21 59.6 
123.1 | 60.1 
124.0 | 60.5 
124.9 | 60.9 
125.8 | 61.4 
126.7 | 61.8 
127.6 | 62.2 
128.5 | 62.7 
63.1 
130.3 | 63.6 
131.2 | 64.0 
1382.1 | 64.4 
133.0 | 64.9 
133.9 | 65.3 
134.8 | 65.8 
135.7 | 66.2 
136.6 | 66.6 
137.5 | 67.1 
138.4 | 67.5 
139.3 | 67.9 
140.2 | 68.4 
141.11 68.8 
142.01 69.3 
142.9 | 69.7 
143.8 | 70.1 
144.7 
145.6 
146.5 
147.4 
148.3 
149.2 
150.1 
151.0 
151.9 
152.8 
153.7 
154.6 
155.5 
156.4 
157.3 
158.2 
159.1 
160.0 


TE AOwDwonoan 


to ~F AB Aw} ~) ~3 ~9 +2 3 
Pel C2 8S 09 bet het at 


m2 ~2 ~2 ~3 3 2 2 


Sat oe Soares SS) 


Dist. 


13] 
ls2 
183 
184 
185 
186 
187 
188 
189 
190 


191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 


211 
212 
213 
214 
215 
216 
Le 
218 
219 


220 


222 
223 
Q24 
ride 
226 
227 
228 
OO) 
fel me * 


230 


Lat. 


162.7 
163.6 
164.5 
165.4 
166.3 
167.2 
168.1 
169.0 
169.9 
170.8 
171.7 
172.6 
173.5 
174.4 
175.3 
176.2 
177.1 
178.0 
178.9 
179.8 
180.7 
181.6 
182.5 
183.4 
184.3 
185.2 
186.1 
186.9 
187.8 
188.7 
189.6 
190.5 
191.4! 
192.3 ' 
193.2 


199.5 
200.4 
201.3 
202.2 
203.1 
204.0 
204.9 
205.8 
206.7 
207.6 | 101.8 
208.5 | 101.7 


3 | 209.41102.1 


34 | 210.3 


258 
259 


240 


Dist. 


102.6 
211.2] 103.0 
212.1} 103.5 
213.0 | 103.9 
213.9| 104.3 
214.8 | 104.8 
215.7 | 105.2 


Dep. 


2) 217.5 


7 | 222.0 


Qyor 
~ 235.5 


5 | 288.2 
5} 289.1 


_Dep. | 
105.6 | 
106.1 
106.5 | 
107.0 
107.4 
107.8 
108.3 
108.7 
109.25 
109.6 § 


225.6 | 110.05 
226.5/110.5} 
227.4. 110.95 
228.3)111.38 
929.2/111.8§ 
230.1 | 112.2} 
231.0/112.7] 
231.9 | 1138.1} 
232.8 ]113.5] 
233.7 | 114.0} 
234.6 | 114.4] 
114.9} 
115.3} 
115.7} 
116.2] 
116.65 
117.0} 
117.549 | 
117.9} 
118.4} 
118.8 
119.2} 
119.7 5 
120.1 | 
120.6 
121.0f 
121.4} 
121.9] 
122.3} 
7} 122.79 
123.2} 
123.6] 
124.1 | 
124.5 | 
124.9 | 
125.4 
125.8 
126.3 
126.7 | 
127.1] 
127.6 
128.0} 
128.4 
128.9} 
265.1 | 129.3 | 
266.0 | 129.8 | 
2678 | 130. 


216.6 


218.4 
219.5 
220.2 
221.1 


222.9 


223.8 


224.7 


236.4 
237.3 


240.0 
240.9 
241.8 
242.7 
243.6 
244.5 
245.4 


246.3 


WWwWNWWWHwNwM WW! KK 
COC. Ore Si Or-Qeorl ci Or 


DADE Tw]: 
Core Ww HP OOD 


259. 
260.7 
261.5 
262.4 
263.5 


264.2 


267.8 | 1380.6 
268.7; 131.1] 
269.6 | 131.5] 
Dep. 

ora 4h 16m, 


= 


Sm st vom te Te 


> Lath ke 


54.4 


56.1 
57.0 
57.9 
58.8 
59.7 
60.6 


615/313) 1 
62.4 | 31.8] 13 


63.3 | 82.2 


64.2 | 32.7 
65.0 | 33.1 
65.9 | 33.6 
66.8 | 34.0 


72.2 | 36.8 
73.1 | 37.2 
74.0 | 37.7 
74,8 | 38.1 
75.7 | 38.6 
76.6 | 89.0 
77.5 | 39.5 
78.4 | 40.0 
79.3 | 40.4 
80.2 | 40.9 


81.1) 41.8 


82.0 | 41.8 
82.9 | 42.2 
83.8 | 42.7 
84.6 | 43.1 
85.5 | 43.6 
86.4 | 44.0 
87.3 | 44.5 
88.2 | 44.9 
89.1 | 45.4 


90.0 | 45.9 
90.9 | 46.8 
91.8 | 46.8 
92.7 | 47.2 
93.6 | 47.7 
94.4 | 48.1 
95.3 | 48.6 
96.2 | 49.0 
97.1 | 49.5 
98.0 | 49.9 


21111} 98.9} 50.4 
61112} 99.8|50.8 


100.7 | 51.3 
101.6 | 51.8 


TABLE Il. 


Lat. 


181) 161.8 
182 | 162.2 
183 | 163.1 
184 | 163.9 


“71185 | 164.8 


186 | 165.7 
187 | 166.6 
188 | 167.5 


)} 189 | 168.4 


115.8 


116.7 
117.6 
118.5 
119.4 


| 120.8 


121.2 
122.1 
125.0 
123.8 
124.7 
125.6 
126.5 
127.4 
128.3 
129.2 


»| 150.1 


102.5 | 52.2] ] 


103.4 | 52.7 
104.2 | 55.1 
105.1 | 53.6 
106.0 | 54.0 
106.9 | 54.5 


Dep. | Lat. 


180 


Dist.! Dep. 
For 63 Degrees. 


151.0 
131.9 
152.8 
133.7 
134.5 
135.4 
136.5 
157.2 
158.1 
159.0 
139.9 
140.8 
141.7 
142.6 


143.5 
144.3 
145.2 


1901 169.8 


191 | 170.2 
192} 171.1 
193 | 172.0 
194 | 172.9 
195 | 173.7 
196 | 174.6 
197 | 175.5 
198 | 176.4 
199 | 177.3 


6 | 200 [178.2 


201 | 179.1 
202} 180.0 
205 | 180.9 
204 | 181.8 
205 | 182.7 
206 | 183.5 
207 | 184.4 
208 | 185.3 
209 | 186.2 
210 | 187.1 


211 | 188.0 
212 | 188.9 
213 | 189.8 
214 | 190.7 
215 | 191.6 
216 | 192.5 
217 | 195.5 
218 | 194.2 
219 | 195.1 
220 | 196.0 


1| 221 | 196.9 


222 197.8 
223 | 198.7 
224 | 199.6 
225 | 200.5 
226 | 201.4 
227 | 202.3 
228 | 203.1 
229 | 204.0 
230 | 204.9 


.6 | 231 | 205.8 


at. | Dist. 


232 | 206.7 
233 | 207.6 
254 | 208.5 
235 | 209.4 
256 | 210.3 
237 | 211.2 
238 | 212.1 
239 | 213.0 
240 | 213.8 
Dep. 


ae oe 
Ctr OS Ww 1° 


NDONDDR 
° 


aX 
aN 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 27 DEGREES. 
. | Dist.| Lat. 


Dist. 


Lat. 


214.7 
215.6 
216.5 
217.4 
218.8 


5 1219.2 


220.1 
221.0 
221.9 
222.8 


86.7] 5 


87.2 


87.6 | % 


88.1 
88.5 


89.0 | 2 


89.4 
89.9 
90.3 


90.8 | 2 


91.3 


91.7] 26 
92.2 | 26% 


92.6 
93.1 


93.5 | 266 
. 


94.0 


94.4 | 2 


94.9 
95.3 


223.6 
224.5 
225.4 
226.8 
227.2 


>| 228.1 


229.0 


43 


1h 48m, 


Dep. | 


109.4 
109.9 
110.3 
110.8 
111.2 
SB avs 


Ae i 


112.6 § 
113.0] 
113.5 | 


114.0 

114.4 } 
114.9 | 
115.3] 
115.8 } 
116.2 

116.7 j 
LAT 

117.6 | 
118.0 § 


118.5} 
118.9 | 
119.4} 
119.9 
120.3 
120.8 
121.2 
121.7 
122.1 
122.6 


95.8 


96.2 
96.7 
97.2 
97.6 
98.1 
98.5 
99.0 


99.4) 2 


99.9 


100.5 | 2 


100.8 
101.2 
101.7 
102.1 
102.6 
103.1 
103.5 
104.0 
104.4 


104.9 
105.5 
105.8 
106.2 
106.7 
107.1 
107.6 
108.0 


108.5 


248.6 
249.5 
250.4 
251.3 


312 2.2 


109.0 |: 


253.9 
254.8 
259.7 
256.6 
207.5 
208.4 
259.3 
260.2 
261.1 
262.0 
262.8 
263.7 
264.6 
265.5 
266.4 


267.5 


Lat. 


Dep. 


123.0 
123.5 | 
123.9 | 
124.4 
124.8} 
125.3 
125.8 | 
126.2 | 
126.7} 
127.1] 
127.6 | 
128.0] 
128.5 | 
128.9 | 
129.4} 
129.8 | 
130.3 | 
130.7 | 
131.2} 
131.7] 
32.1] 
132.6 | 


99 
oOo. 


133.5] — 
133.9 

134.4 | 
134.8 | 
135.3 

135.7 | 
136.2 | 
Lat. | 


4h 12m, 


a | TABLE IL 


Dist.) Lat. | Dep. 


a an 


1 | 00.9 | 00.5 
2| 01.8 | 00.9 
3 | 02.6] 01.4 
4| 03.5 | 01.9 
5 | 04.4 | 02.3 
6 | 05.3 | 02.8 
7 | 06.2 | 03.3 
8 | 07.1 | 03.8 
9 | 07.9 | 04.2 
110 | 08.8 | 04.7 


11 | 09.7 | 05.2 
12 | 10.6 | 05.6 
13] 11.5 | 06.1 
14 | 12.4 | 06.6 
15 | 13.2 | 07.0 
116) 14.1 | 07.5 
17 | 15.0 | 08.0 121.0 | 64.38 
118} 15.9 | 08.5 : } 121.8 | 64.8 
19 | 16.8 | 08.9 ; ; 122.7 | 65.3 


106.8 | 56.8 
107.7 | 57.3 
108.6 | 57.7 
109.5 | 58.2 
110.4 | 58.7 
111.8 | 59.2 
112.1 | 59.6 
113.0 | 60.1 
113.9 | 60.6 
114.8 | 61.0 


115.7 | 61.5 
116.5 | 62.0 
117.4 | 62.4 
118.3 | 62.9 
119.2 | 63.4 
>| 120.1 | 63.8 


120 | 17.7 | 09.4 123.6 | 65.7 
121) 18.5 | 09.9 5138. 124.5 | 66.2 
122/19.4/10.3] 8 4/38, 125.4 | 66.7 


423 | 20.3 | 10.8 3. ), 126.3 | 67.1] 5 
g 24 | 21.2) 11.8 : 127.1 | 67.6 | 204 
125 |22.1) 107 : f 128.0 | 68.1 
#26 | 23.0 | 12.2 128.9 | 68.5 
| 27 | 23.8 | 12.7 ), 129.8 | 69.0 
128 | 24.7 | 13.1 wg 130.7 | 69.5 
1 29 | 25.6 | 13.6 f : 49} 131.6 | 70.0 


30 | 26.5 | 14. 182.4} 70.4 
31 | 27.4 1 | 183.3} 70.9] § 


134.2 | 71.4 
155.1 | 71.8 
136.0 | 72.3]; 
136.9 | 72.8 
}| 137.7 | 73.2 
158.6 | 73.7 
139.5 | 74.2 
140.4 | 74.6 
141.5 | 75.1 


142.2} 75.6 
143.0 | 76.1 
143.9 | 76.5 
144.8 | 77.0] 2: 
145.7 | 77.5 
3| 146.6 | 77.9 
147.5 | 78.4] 2: 
148.3 | 78.9 
149.2 | 79.3 | 22! 
150.1] 79.8 
151.0} 80.312 

151.9] 80.7 | 232 
152.7 | 81.2 
153.6 | 81.7 
154.5 | 82.2]2 
5| 155.4 | 82.6]: 
1563] 83.1]: 
3 | 157.2 | 83.6 | 2: 
159 | 52.1 158.0 | 84.0 
160 | 53.0 158.9 | 84.5]: 


N40 | 35.5 


OD DAS Hy 
I DOr WwW 


if 
Co 
Od-09 GO OF-09.4' 6) 


at bay. Tis 
55 | 48.6 
“f56 | 49.4 ; 
157 | 50.3 | 26. 
58 | 51.2 


Lat. | Dep. | Dist. 


Lat. 


Dep. Dist.| Lat. Dep. 


ADist.| Dep. | Lat. | Dist. at. Dist. | Dep. | Lat. 
For 62 Degrees. 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 28 DEGREES. 1) 52m, 


103.8 | 281 | 248.1 | 131.9 5 


283 (249.9 | 132.9} 
2/284 250.8 | 133.3] 


285 


Dist. 


1214.6] 114.1} 


) | 254.9 | 124.9 


3 | 252.5 | 184.3 | 


| 261.4 | 139.0 


212.8] 113.1 
213.7 | 113.6 


215.4 | 114.6} 
216.3 | 115.0} 
217.2 | 115.5 
218.1} 116.0} 
219.0 | 116.4] 
219.9 | 116.9 
220.7 | 117.4 


221.6| 117.8 
229.5 | 118.3 
223.4|118.8] 
224.3] 119.2] 
225.2) 119.7} 
226.0 | 120.2 | 
226.9 | 120.7 
227.8 | 121.1 
228.7 | 121.6} 
229.6 | 122.1 


230.4 | 122.5 
231.3 | 1238.0] 
232.2 | 123.5 } 
233.1 | 123.9 | 
234.0 | 124.45 


235.7 | 125.3 | 
236.6 | 125.8 
237.5 | 126.3 §. 
238.4 | 126.8 | 
239.3 | 127.2] 
240.2 | 127.7 | 
241.0 | 128.2 § 
241.9 | 128.65 
242.8 | 129.1} 
243.7 | 129.6 § 
244.6 | 130.0 f 
245.5 | 180.5 | 
246.3 | 131.0] 
247.2) 181.5] 


251.6 | 133.8 | 


253.4 | 184.7] 
254.3 | 135.2] 
255.2|135.7 | 
256.1 136.1} 
256.9 | 136.6} 
257.8 | 137.1 
258.7 | 137.6 
259.6 | 138.0 
260.5 | 138.5 


262.2 | 139.4 
263.1 | 139.9 
264.0 | 140.4 
264.9 | 140.8 


De p- Lat. 


4h gm, 


TABLE IL | 45 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 29 DEGREES. 1h 56m, 
Lat. . | Dist. . ‘ | Dist. Lat. 
105.8 ; 37.8 | 241 | 210.8 
106.7 ; ; £21 242) 211.7 
107.6 .£ F 8.7 | 243 | 212.5 
108.5 
109.3 
110.2 
biiil 
112.0 
112.8 
Liss 


114.6 

115.4 

116.8 

117.2 

118.1 

118.9 

119.8 

120.7 

121.6 | 07, i 

122.4 | 67. 91 97.0} 260 227.4 


123.3 | 6s. 8| 97.4] 261 228.3 
124.2 | 68.8 3. 9 | 262 | 229.2 
125.1 | 69. 5} 98.4] 263 | 2380.0 
125.9 | 69. 8.9 | 264 | 230.9 
126.8 | 70. 9.4 | 265 | 231.8 
} | 127.7 | 70. : 9 | 266 | 232.6 
128.6 | 71.¢ 4} 267 | 238.5 
129.4 | 71. i ).8 | 268 | 234.4 
130.5 | 72. 3 | 269 | 235.3 
181.2) 72," ; 1.89) 270 | 236.1 


271 | 237.0 
272 | 287.9 
273 | 238.8 
274 | 239.6 
279 | 240.5 | - 
276 | 241.4 
277 | 242.3 
278 | 243.1 
279 | 244.0 
280 | 244.9 


281 | 245.8 
282 | 246.6 
283 | 247.5 
284 | 248.4 
249.3 
250.1 


= 


— 
— 


— 
W we 


150.4 
151.3 
152.2 
155.1 
153.9 
154.8 
155.7 
156.6 
157.4 


Lat. | Dist.! Dep. | Lat. 
For 61 Degrees, 


46 


Dist.| Lat. 


00.9 
01.7 
02.6 
03.5 
04.3 
05.2 
06.1 
06.9 
07.8 
08.7 


09.5 
10.4 
11.8 
12.1 
13.0 
13.9 
14.7 
15.6 
16.5 
17.8 
18.2 
19.1 


i\SODRAMR HOWE 


19.9 |! 


20.8 
21.7 


32 (27.7 
133 | 28.6 
134 | 29.4 
135 | 30.3 
136/31.2 
37 | 82.0 
138 | 82.9 
39 | 33.8 
40 | 34.6 


41 |.35.5 
42 | 36.4 
143 | 37.2 
144 | 38.1 
145 | 39.0 


46 | 39.8] 2 


| 47 | 40.7 
48 | 41.6 
49 | 42.4 


44.2 


45.0 | 2 


45.9 
46.8 
47.6 
a6 | 48.5 
49.4 
50.2 
d1.1 
52.0 


Dist. Dep. | Lat. 


TABLE IL 


Bins | 
104.8 | 60.5 
105.7 | 61.0 
106.5 | 61.5 
107.4 | 62.0 
108.3 | 62.5 
109.1 | 63.0 
110.0 | 63.5 
110.9 | 64.0 
111.7 | 64.5 
112.6 | 65.0 


————— 


113.4 | 65.5 


123.8 
124.7 
125.6 
126.4 
127.3 
128.2 


131.6 | 76.0 
132.5 | 76.5 
133.4 | 77.0 
134.2 | 77.5 
135.1 | 78.0 
136.0 | 78.5 
136.8 | 79.0 
137.7 | 79.5 
138.6 | 80.0 


139.4 | 80.5 
140.3 | 81.0 
141.2 | 81.5 
142.0 | 82.0 
142.9 | 82.5 
143.8 | 83.0 
144.6 | 83.5 
145.5 | 84.0 
146.4 | 84.5 
147.2 | 85.0 


148.1 | 85.5 
149.0 | 86.0 
149.8 | 86.5 
150.7 | 87.0 
151.6 | 87.5 
152.4 | 88.0 
153.3 | 88.5 
154.2 | 89.0 
155.0 | 89.5 


155.9 | 90.0} 2 


Dep. | Lat. 


For 60 Degrees. 


112.5 
113.0 
115.5 
114.0 
114.5 
115.0 


115.5 
116.0 
116.5 
117.0 
117.5 
118.0 
118.5 
119.0 
119.5 
120.0 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 30 DEGREES. 


214.8 
215.6 
216.5 


251 | 217.4 
252 | 218.2 
253 | 219.1 
254 | 220.0 
255 | 220.8 
256 | 221.7 


2h Om, 


257 | 222.6 | | 


258 | 223.4 
259 | 224.3 
260 | 225.2 


261 | 226.0 
262 | 226.9 
263 | 227.8 
264 | 228.6 
265 | 229.5 
266 | 250.4 
267 | 231.2 
268 | 232.1 
269 | 283.0 
270 | 233.8 


271 | 234.7 
272 | 285.6 
273 | 236.4 
274 | 237.3 
275 | 238.2 
-276 | 239.0 
277 | 239.9 
278 | 240.8 
279 | 241.6 
280 | 242.5 


281 | 243.4 
282 | 244.2 
283 | 245.1 
284 | 246.0 
285 | 246.8 
286 | 247.7 
287 | 248.5 
288 | 249.4 
289 | 250.3 
290 | 251.1 


291 | 252.0 
292 | 252.9 
293 | 253.7 
294 | 254.6 
295 | 255.5 
296 | 256.8 
297 | 257.2 
298 | 258.1 
299 | 258.9 
300 | 259.8 


Dist. | - Dep. 


133.5 
134.0 
134.5 
135.0 


135.5 § 
136.05 
136.5 } 
137.0 
137.5 | 
138.0} 
138.5} 
139.0 } 
139.5 } 
140.0 j 


140.5] 
141.0 
141.5} 
142.0} 
142.5 | 
143.0 
143.5 
144.0 
144.5 
145.0 


145.5 
146.0 
146.5 
147.0 | 
147.5 
148.0 
148.5 
149.0 
149.5 
150.0 


4h Om, 


TABLE IL. 47 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 31 DEGREES.  2h4m, 


ADist.| Lat. : . | Dist. _ Tat. . | Dist.| Lat. . | Dist.) Lat. | Dep. 


00.9 | 00. ‘ i 103.7 | 62.3] 181 | 155.1 : 206.6 | 124.1 
01.7} 01. ; : ‘ .8 | 182 | 156.0 : 207.4 | 124.6 
02.6) 01. ) 3 : ‘ 3} 183 | 156.9 208.3 | 125.2 
03.4 | 02.1] 6 : : ; 9 | 184 | 157.7 : 209.1 | 125.7 
04.3 | 02. , a 1 | 64.4) 185 / 158.6} 95, D | 210.0 | 126.2 
05.1 | 03. : : 3 .9}| 186 | 159.4 : 210.9 | 126.7 
06.0 | 03.6 : ‘ 108.9 | 65.4 | 187 | 160.3 ’: AT | 211.7) 127.2 
06.9 | 04. ; : 109.7 | 65.9] 188 | 161.1 8 212.6 | 127.7 
07.7 | 04. ; : 110.6 | 66.4] 189 | 162.0 ; 213.4 | 128.2 
08.6 | Oo. , : 111.4] 67.0} 190 | 162.9 214.3 | 128.8 


09.4 | Oo. : 112.3 | 67.5] 191 | 163.7 Ale 215.1 | 129.3 
10.8 | 06. ; ‘ 113.1 | 68.0 | 192 | 164. 9 | 252 | 216.0 | 129.8 
11.1 | 96. ; 114.0 | 68.5} 195 ; A] 253 | 216.9 | 130.8 
12.0 | 07. ; : 114.9 | 69.0 | 194 : 9, 217.7 | 180.8 
12.9 | 07. 54. 115.7 | 69.5 | 195 | 167. 218.6] 151.3 
>| 15.7 | OS, )| 65. 116.6 | 70.0 | 196 .O | 100. 219.4 | 131.8 
14.6 | 08. : 117.4 | 70.6 | 197 : : 220.3 | 182.4 
15.4 | 09. ; ; 118.3 | 71.1] 198 ‘ : 221.1 | 132.9 
16.3 | OY. ; A 119.1 | 71.6} 199 ; 222.0 
17.1 | 10. : , 120.0 | '72.1 | 200 : 222.9 


18.0 | 10. : : 120.9 | 72.6 | 201 

18.9] 11. : ; 2 | 121.7 | 73.1 | 202 

19.7 ),11. : : 122.6 | 73.7 | 203 

20.6 | 12. . 123.4 | 74.2 | 204 

21.4] 12. ; 124.3 | 74.7 | 205 

22.3 | Lo. : ; 125.1 | '75.2 | 206 | 

23.1 | Lo. : 126.0 | 75.7 | 207 ‘ ), IT | 228.9 
24.0 | 14. iy : 126.9 | 76.5 i ‘ 08 | 229.7 
24,9 | 14. 76. : 127.7 | 76. ‘ 6 230.6 
25.7 | 15.0] § °¢ ; 128.6 | 77. i 231.4 


26.6 | 16. 0} 46, .4| 77.8] 211 | 180.9} 108. 232.3 
27.4} 16. 9} 47, .3| 78.3 | 212 | 181.7 | 109.2] 272 | 233.1 
28.3 | 17. 7/47, 1} 78.8] 213 | 182.6 | 109. 234.0 
29.1 | 17. 6 | 48. 32.0| 79.3] 214 | 183.4] 110. 234.9 
30.0 | 18. 4| 48, ).8 [215 | 184.3] 110. 235.7 | 
30.9| 18.5] § 8) 49. 3,.7| 80.3] 216 | 185.1 | 111.2] 276 | 236.6 | 142.2 
31.7) 19. 1450. .6 | 80.9 | 217 | 186.0 | 111. 237.4 | 142.7 
32.6] 19.6] ¢ 0 | 50. 4) 81.4] 218 | 186.9| 112. 238.3 | 143.2 
33.4 | 20. 951, 3} 81.9|219| 187.7 | 112.8] 279 | 239.1 | 143.7 
34.3 | 20.6 7151.5] 16 .1| 82.4 | 220 | 188.6 
35.1| 21. 6 | B2. .0| 82.9 | 221 | 189.4] 113.8] 281 | 240.9 | 144.7 
36.0 | 21.6] 102] 87.4] 52.5 | 162 | 13879 | 83.4 | 222 | 190.8 | 114.3 | 282 | 241.7] 145.2 
36.9 | 22. 3153. 39.7 | 84.0] 223 | 191.1 | 114.9 | 283 | 242.6 | 145.8 | 
37.7 | 22. 1| 58, 5 | 224 | 192.0] 115. 243.4 | 146.3 | 
38.6 | 23. 0154.1] 16 4 | 85.0 | 225 | 192.9} 115.4 244.3 | 146.8 | 

226 | 193.7 

227 | 194.6. 

228 | 195.4] 

229 | 196.8 

230 | 197.1 


231 | 198.0 
232 | 198.9 
233 | 199.7 : 
234 | 200.6 : Ye 0} 151.4 
35 | 201.4 : 52.9 | 151.9 
236 | 202.3 : 53.7 | 152.5 
237 | 203.1 | 122. 54.6| 153.0 
238 | 204.0 j 255.4 | 153.5 
239 | 204.9 . 3 | 154.0 
240 | 205.7 A 257.1 | 154.5 
. | Dist. : i ist.| Dep. | Lat. 
For 59 Degrees, 3h 56m, 


— 
ISoMIMSAROD®W 


— 
—" 


at 
Or CO © 


22| 18.7 
23 | 19.5 
24 | 20.4 
25 | 21.2 
26 | 22.0 
27 | 22.9 
28 | 23.7 
29 | 24.6 
30 | 25.4 
131 | 26.3 
32 | 27.1 
33 | 28.0 
34 | 28.8 
35 | 29.7 
36 | 30.5 
37 | 31.4 
38 | 32.2 
39 | 33.1 


34,8 
39.6 
36.5 
37,3 
D | 38.2 
| 39.0 
39.9 
40.7 
49 | 41.6 
50 | 42.4 


| 


51 | 43.3 
52 | 44.1 
44.9 
45.8 


Dist. Dep. | Lat. | Dist. 


i” 
» 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 32 DEGREES. 


14] 


TABLE II. 


18] 
182 
183 
184 
185 
186 
187 
188 
189 
190 


191 
192 
193 
194 
195 


119.6 | 74.7 | 201 


3 | 125.5 |78.4| 208 


151 
152 
153 
154 
155 
156 
157 
158 
159 
160 


. | Dist. 


126.4 | '79.0 | 209 
79.5 | 210 


80.0] 211 
80.5} 212 
81.1}213 
81.6} 214 
82.1} 215 
82.7 | 216 
83.2 | 217 
83.7] 218 
134.8 | 84.3 | 219 
135.7 | 84.8 | 220 


136.5 |,85.3 | 221 
137.4 | 85.8 | 222 
138.2 | 86.4 | 223 
139.1 | 86.9 | 224 
139.9 | 87.4 | 225 
140.8 | 88.0 | 226 
141.6 | 88.5 | 227 
142.5 | 89.0 | 228 
143.3 | 89.6 | 229 
144.2 | 90.1 | 230 


145.0 | 90.6 | 231 
145.9 | 91.1 | 232 
146.7 | 91.7 | 233 
147.6 | 92.2 | 234 
148.4 | 92.7 | 235 
149.3 | 93.5 | 236 
150.1 | 93.8 | 237 
151.0 | 94.5 | 2358 
151.8 | 94.9 | 239 
152.6 | 95.4 | 240 


128.1 
128.9 
129.8 
130.6 
151.4 
132.8 
133.1 
134.0 


Dep. 


For 58 Degrees. 


Lat. | Dist. 


Lat. 


153.5 
154.3 
155.2 
156.0 
156.9 
157.7 
158.6 
159.4 
160.3 


ALL 


162.0 
162.8 
163.7 
164.5 
165.4 
166.2 
167.1 
167.9 
168.8 
169.6 


170.5 
171.8 
172.2 
173.0 
173.8 
174.7 
175.5 
176.4 
177.2 
178.1 


178.9 
179.8 
180.6 
181.5 
182.3 
183.2 
184.0 
184.9 
185.7 
186.6 


187.4 
188.3 
189.1 
190.0 
190.8 
191.7 
192.5 
193.4 
194.2 
195.1 


—_—— 


195.9 
196.7 
197.6 
198.4 
199.3 
200.1 
201.0 
201.8 
202.7 
203.5 


~ Dep. 


Dep. 


95.9 
96.4 
97.0 
97.5 
98.0 
98.6 
99.1 
99.6 
100.2 
100.7 


101.2 
101.7 
102.3 
102.8 
105.3 
103.9 
104.4 
104.9 
105.5 
106.0 


106.5 
107.0 
107.6 
108.1 
108.6 
109.2 
109.7 
110.2 
110.8 


111.8 


rhs 
112.3 
112.9 
113.4 
113.9 
114.5 
115.0 
115.5 
116.1 
116.6 


117.1 
117.6 
118.2 
118.7 
119.2 
119.8 
120.3 
120.8 
121.4 
121.9 
122.4 
122.9 
123.5 
124.0 
124.5 
125.1] 
125.6 
126.1 
126.7 
127.2 
Lat. 


Qh 8m, 
Dist.| Lat. _ Dep. 


241 | 204.4 | 127.7 
242 | 205.2 | 128.2 
243 | 206.1 | 128.8 
244 | 206.9 | 129.3] 
245 | 207.8 | 129.8 | 
246 | 208.6 | 130.4 
247 | 209.5 | 130.9 

131.4] 

131.9 

132.5 
251 | 212.9 | 133.0 
138.5 
134.1 
134.6 
135.1 
135.7 
136.2] 
136.7 
137.2} 
137.8] 


261 | 221.3 | 138.3 
262 | 222.2 | 138.8 | 

223.0 | 139.4 
264 | 223.9 | 139.9 
265 | 224.7 | 140.45 
266 | 225.6 | 141.0} 
267 | 226.4 | 141.5 
268 | 227.8 | 142.0 
269 | 228.1 | 142.5] 
270 | 229.0} 143.15 
271 | 229.8 | 143.6} 
272! 240.7 | 144.1 f 
273 | 231.5 | 144.7] 
274 | 232.4 | 145.2] 
275 | 233.2 | 145.7] 
276 | 234.1 | 146.35 
277 | 234.9 | 146.8 | 
278 | 235.8 | 147.3 | 
279 | 236.6 | 147.8 | 
280 | 237.5 | 148.4 
281 | 238.3 | 148.9 
282 | 239.1| 149.4 
283 | 240.0 | 150.0 
284 | 240.8} 150.5} 
285 | 241.7 | 151.0 
286 | 242.5 | 151.6 
287 | 243.4 | 152.1 
288 | 244.2 | 152.6 
289 | 245.1 | 153.1 
290 | 245.9 | 153.7 


291 | 246.8 | 154.2 
292 | 247.6 | 154.7 
293 | 248.5 | 155.3 
294 | 249.3 | 155.8 
295 | 250.2 | 156.5 
296 | 251.0 | 156.9 
297 | 251.9 | 157.4 
298 | 252.7 | 157.9 | 
299 | 253.6 | 158 4 
300 | 254.4 159.0 


Dist.| Dep. Lat. 
3h 62m, 


255 | 216.3 


257 | 217.9 


ry TABLE IL 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 34 DEGREES. 2h 16m, 


Dep. Dist | Lat. | Dep.|Dist.| Lat. | Dep. | Dist.’ Lat, | Dep. | Dist.) Lat. | Dep. 
100.3| 67.7]181 1150.1 . 101.2] 241 | 199.8 ; 184.8 | 


Dist.) Lat. Lat. 


1} 00.8 50.6 
2101.7 51.4 101.1] 68.2] 182] 150.9 | 101.8 | 242 | 200.6 | 135.3) 
3102.5 52.2 102.0} 68.8] 183] 151.7 | 102.3 | 248 201.5 | 135.9 } 
4103.3 53.1 102.8] 69.3] 184] 152.5 | 102.9] 244 | 202.3 136.45 
5 | 04.1 53.9 108.6| 69.9] 185 | 153.4| 103.5 | 245 | 203.1 | 137.0] 
6 | 05.0 54:7 104.5] 70.5] 186 | 154.2 | 104.0} 246 | 203.9 | 137.6} 
7| 05.8 55.5 105.3 | 71.0] 187 | 155.0 | 104.6 | 247 | 204.8 | 138.1 
8 | 06.6 56.4 106.1 | 71.6] 188 | 155.9 | 105:1 | 248 | 205.6 | 138.7 
9 | 07.5 57.2 106.9} 72.1} 189 | 156.7} 105.7 1249 | 206.4 | 139.2 § 
10} 08.3 58.0 107.8| 72.71 190] 157.5 | 106.2 | 250 | 207.3 139.8] 
11 | 09.1 58.9 108.6| 73.3]191 | 158.3} 106.8|251|208.1/110.4¢ 
12| 09.9 59.7 109.4} 73.8] 192 | 159.2 | 107.4 } 252 | 208.9 | 140.9 | 
13| 10.8 60.5 110.3] 74.4] 198 | 160.0 | 107.9 | 2538 | 209.7 | 141.5 | 
14] 11.6 61.3 111.1} 74.9] 194} 160.8 | 108.5 | 254 | 210.6 | 142.0 § 
15 | 12.4 62.2 111.9} 75.51195 | 161.7} 109.0 | 255 | 211.4 | 142.6} 
16] 13.3 63. 112.7] 76.1] 196 | 162.5 | 109.6 | 256 | 212.2 | 143.2] 
171} 14.1 63.8 113.6] 76.6] 197 | 163.3 | 110.2 | 257 | 213.1 | 143.7 | 
18} 14.9 64.7 114.4] 77.2] 198 | 164.1 | 110.7} 258 | 213.9 | 144.3% 
19| 15.8 65.5 115.2] 77.71 199 | 165.0 }.111.3 | 259 214.7| 144.8 | 
520 | 16.6 66.3 116.1] 78.3] 200 | 165.8 | 111.8 | 260 | 213.5 | 145.4] 
21117.4 67.2 116.9| 78.8] 201} 166.6 | 112.4 | 261 | 216.4 | 145.9} 
22/ 18.2 68.0 117.7 | 79.4 | 202 | 167.5} 113.0 | 262 | 217.2 | 146.5 § 
23 | 19.1 68.8 118.6 | 80,0] 203 | 168.3 | 113.5 | 263 | 218.0 | 147.1} 
24 | 19.9 69.6 119.4] 80.5} 204 | 169.1 | 114.1 | 264 | 218.9 | 147.6 
25 | 20.7 70.5 120.2} 81.1] 205} 170.0 | 114.6 | 265 | 219.7 148.2 
26 | 21.6 71.3 121.0} 81.6] 206 | 170.8 | 115.2 } 266 | 220.5 | 148.7 
Q7 | 22.4 rie 121.9} 82,2] 207] 171.6/ 115.8 | 267 | 221.4 | 149.3 | 
28 | 23.2 73.0 122.7| 82.8] 208 | 172.4} 116.3 | 268 | 222.2 | 149.9} 
29 | 24.0 73. 123.5} 88.3] 209 | 173.3 | 116.9 | 269 | 223.0 | 150.44 
30 | 24.9 74.6 124.4} 83.9] 210] 174.1 | 117.4 | 270 | 228.8 | 151.0] 
31 | 25.7 91 | 75.4 125.2! 94.4211 | 174.9 | 118.0| 271 | 224.7/ 151.5} 
32 | 26.5 92|'76.3 126.0] 85.0] 2121175.8 | 118.5 | 272 | 225.5 | 152.1] 
33 | 27.4 93 177.1 126.8] 85.6] 213 | 176.6 | 119.1 | 273 | 226.3 | 152.7 
34 | 28.2 94 177.9 127.7 | 86.1] 214| 177.4} 119.7 | 274 | 227.2 | 1538.2] 
35 | 29.0 78.8 128.5} 86.71 215 | 178.2 | 120.2 | 275 | 228.0 | 153.8 § 
36 | 29.8 79.6 56 | 129.3] 87.2} 216| 179.1 | 120.8-| 276 | 228.8 | 154.3 B - 
37 | 30.7 80.4 130.2| 87.8] 217 | 179.9 | 121.3 | 277 | 229.6 | 154.9 | 
38 | 31.5 81.2 131.0] 88.4] 218} 180.7} 121.9 | 278 | 230.5 | 155.5 J 
39 | 32.3 82.1 181.8} 88.9] 219 | 181.6 | 122.5 | 279 | 231.3 | 156.05 
40 | 33.2 82.9 132.6 | 89.5] 220} 182.4 | 123.0} 280 | 232.1 | 156.6 | 
41 | 34,0 3.7 133.5] 90.0] 221 } 183.2 | 123.6 | 281 | 233.0 | 157.1] 
421348 84.6 184.3 | 90,6 | 222 | 184.0 | 124.1 | 282 | 233.8 | 157.7} 
43 | 35.6 85.4 135.1! 91.1 | 223 | 184.9 | 124.7 | 283 | 234.6/ 158.3} 
44 | 36.5 86.2 136.0! 91.7] 224] 185.7 | 125.8 } 284 | 235.4 | 158.8 | 
45 | 37.3 87.0 136.8| 92.3 | 225 | 186.5 | 125.8 } 285 | 236.3 | 159.4 | 
46 | 38,1 87.9 137.6 | 92.8 | 226 | 187.4 | 126.4} 286 | 237.1 | 159.9 
47 | 39.0 88.7 138.4] 93.4 | 227 | 188.2 | 126.9] 287 | 237.9 | 160.5 | 
48 | 39.8 89.5 139.3} 98.9] 228] 189.0} 127.5 | 288 | 238.8 | 161.0 | 
49 | 40.6 90.4 140.1| 94.5 | 229 | 189.8 | 128.1 | 289 | 239.6 | 161.6 | 
50 | 41.5 91.2 140.9| 95.1 | 230] 190.7 | 128.6] 290 | 240.4 | 162.2] 
51 | 42.3 92.0 141.8} 95.6]231 | 191.5 | 129.2] 291 | 241.2 
52 | 43.1 92.9 142.6} 96.2] 232 | 192.3 | 129.7 } 292 | 242.1 
53 | 43.9 93.7 143.4] 96.7] 233 | 193.2 | 130.3 | 293 | 242.9 
54/1 44.8 94.5 144.3| 97.3] 234] 194.0 | 130.9 | 294 | 243.7 
55 | 45.6 95.3 145.1) 97.9} 235 | 194.8 | 181.4] 295 | 244.6 
56 | 46.4 96.2 145.9; 98.4] 236 | 195.7 | 132.0 | 296 | 245.4 
57 | 47.3 97.0 146.7] 99.0 } 237 | 196.5 | 182.5 | 297 | 246.2 
58 | 48.1 97.8 31 147.6| 99.5] 238 | 197.3 | 183.1] 298 | 247.1 
59 | 48.9 98.7 148.4 | 100.1 | 239 | 198.1 | 133.6 | 299 | 247.9 
60 | 49.7 99.5 149.2 | 100.7 | 240 | 199.0 | 184.2 | 300 | 248.7 


es 


Dep. © Lat. | Dist.| Dep. | Lat. | Dist.| Dep. 
For 56 Degrees. 5 gh 4am, 


Dist. Dep. "Tat: 


TABLE IL. 51 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 35 DEGREES. 2h 02m, 


Dist.| Lat. .| Lat. Dep. ist. |: Lat. Dep. 
1 | 00.8 | 00. 50.0 | 35.0 : 148.3 8} 241 | 197.4 | 138.2] 
2/01.6| 01.1] 62)|50.8 | 35.6 149.1 4] 242| 198.2} 138.8 
3/02.5| 01.7] 631]51.6 | 36.1 : 149.9 .0 | 248 | 199.1 | 139.4 
4|03.3|02.3| 64 | 52.4 | 36.7 ; 150.7 | 105.5 | 244 | 199.9 | 140.0 
5 | 04.1 | 02. 53.2 | 37.3 3.1 | 245 | 200.7 | 140.5 
6 | 04.9 | 08. 54.1 | 37.9 3, 7 | 246 | 201.5 | 141.1 | 
7/ 05.7| 04.0] 67|54.9 | 88.4 / 83 | 247 | 202.3] 141.7 
8| 06.6 | 04.¢ 55.7 | 39.0 ; 248 | 203.1 | 142.2} 

| 9) 07.4! 05. 56.5 | 39.6 105. ; 4, 41249 1204.0] 142.8 

t 10 | 08.2 | 05. 517.3 | 40.2 9.0 | 250 | 204.8 | 143.4 

11; 09.0 | 06. 58.2 | 40.7 . 9.6 | 251 | 205.6 | 144.0 

1 12| 09.8 | 06. 59.0/41.3 3] .1 | 252 | 206.4 | 144.5 

113 | 10.6 | 07.2 59.8 | 41.9 ; 1 7 | 253 | 207.2} 145.1 
14] 11.5 60.6 | 42.4 9, 3 | 254 | 208.1 | 145.7 
15} 12.3) 08.6] 75! 61.4| 43.0 } 8 | 255 | 208.9 | 146.3 
16/ 13.1 | 09. 3| 62.3 | 43.6 ; 8.0] 1¢ .4| 256 | 209.7 | 146.8 

1171 13.9 | 09. 63.1 | 44.2 Di 1. .0 | 257 | 210.5 | 147.4 
18 | 14.7} 10. 63.9 | 44.7113 9, .6 | 258 | 211.3 | 148.0 
19} 15.6} 10.! 64.7 | 45.3 3. : 1] 259 | 212.2 | 148.6} 
20/16.4) 11. 65.5 | 45.9 14. ! ; .7 | 260 | 213.0 | 149.1 | 
BVP LT 2 P12 66.4 | 46.5 : .8 | 261 | 213.8 | 149.7} 

| 22] 18.0] 12.6 67.2 | 47.0 ; ‘ 35, 5.9 | 262 | 214.6 | 150.3 § 

231 18.8 | 13. 3 | 68.0 | 47.6 ; 36. 3.4 | 263 | 215.4 | 150.9 | 

124/19.7/18.8} 841 68.8 | 48.2] 1: C 1] 117.0 | 264 | 216.3} 151.4 

$25 120.5) 14. 69.6 | 48.8 118. { .6 | 265 | 217.1 | 152.0] 
26 | 21.3 | 14.¢ 3170.4. | 49.3 | 146 | 119. .2 | 266 | 217.9 | 152.6 
B71 22,1 | 15. 71.3 | 49.9 3 7 | 267 | 218.7 | 158.1 J 

128 | 22.91 16. 3172.1 | 50.5 41 119.3 | 268 | 219.5 | 1538.7 

£29 123.81 16.6] 89172.9| 51.0] 1 ' Gay .9 | 269 | 220.4] 154.3 

4 30 | 24.6117 73.7 | 51.6 70 | 221.2] 154.9 

131125.4|)17.8 14.5 | 52.2 2.8 | 121.0] 271 | 222.0 | 155.4 

1 32 | 26.21 18. 75.4 | 52.8 6 | 272 | 222.8 | 156.0 § 

} 33 | 27.0} 18.! 3 | 76,2 | 53.8 2.2 | 273 | 223.6 | 156.6 

134.1 27.9/ 19. 77.0 | 53.9 3 | 122.7 | 274 | 224.4 | 157.2 | 

135 | 28.7 | 20. 17.8 | 54.5 5 3 | 275 | 225.3 | 157.7 

[36 | 29.5 120.61 96) 78.6 | 55.1 52 ; .9 | 276 | 226.1 |} 158.3 

137} 30.3) 21.2] 97|79.5 | 55.6 142 ; 51 277 | 226.9 | 158.9 

f38)31.1) 21. 80.3 | 56.2 9.4} 90. 6] 1s 278 | 227.7 | 159.5 

1 39131.9 )} 81.1 | 56.8 216 , 279 | 228.5 160.0 | 

140) 32.8 81.9 | 57.4] 16 280 | 229.4 | 160.6 

P41 133.6 82.7 | 57.9 |: : 281 | 230.2} 161.2 

b 42) 34.4 83.6 | 58.5 32. 181. 282 | 231.0] 161.7 

143 | 35.2 84.4 | 59.1 33. 283 | 231.8 | 162.3 

1 44 | 36.0 85.2 | 59.7 284 | 232.6 | 162.9 

E45 | 36.9 86.0 | 60.2 285 | 233.5 1168.5 | 

146 (37.71: 86.8 | 60.8 286 | 234.3 | 164.0 

147 | 38.55 87.6 | 61.4] 167 | 136. Rab .2| 287 | 235.1 | 164.6 

148 | 39.3 |: 88.5 | 61.9 ; : 8 | 288 | 235.9 | 165.2 

1491 40.1 89.3 162.5116 : 3 | 289 | 236.7 | 165.8 

150 | 41.0 90.1 | 63. 290 | 237.6 | 166.3 | 

251) 41.8 | 29.3] 111 | 90.9 | 68.7 ’ 291 | 238.4 | 166.9 

1 52 | 42.6 | 29. 91.7 | 64.2 292 | 239.2 | 167.5 
53 | 438.4 92.6 | 64.8 41, 293 | 240.0 | 168.1 

154| 44,2 93.4 | 65.4 142, ; 294 | 240.8 | 168.6 

155 | 45.1 94,2 | 66.0 .4| 100.4 | 2: 295 | 241.6 | 169.2 

156 | 45.9 3| 95.0 | 66.5 296 | 242.5 | 169.8 
57 | 46.7 | 82. 95.8 | 67.1] 1 297 | 243.3 | 170.4 
58 | 47.5 | 33. 96.7 | 67.7 5. . 298 | 244.1 | 1'70.9 
59 | 48.3 | 33. 97.5 | 68.38 . 299 | 244.9] 171.5 
60 | 49.1 | 34. 98.3 | 68.8 300 | 245.7 | 172.1 

Dist| Dep. | Lat. | Dist.| Dep.! Lat. Lat. 


For 55 Degrees. 3h 40m, 


. 52 TABLE II. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 86 DEGREES. 2h 24m, 


. | Dist.| Lat. . | Dist. . | Dep. | Dist.| Lat. | Dep. 


121] 97.9 : .4| 106.4 | 241 | 195.0 | 141.7 
122| 98.7 : : 0 | 242 | 195.8 | 142.2 
123| 99.5 : : : .O]% 196.6 | 142.8 
100.3 : : : 197.4 | 143.4 
101.1 ; : TS 198.2 | 144.0} 
101.9 : ‘ : 199.0 | 144.6 
102.7 : 1. : 199.8 | 145.2 
103.6 | 75. ; oO | + 200.6 | 145.8 
104.4 : : 201.4 | 146.4 
105.2 Ay 1S 7) UT " 250 | 202.3, 146.9 


106.0 : : 112.3| 251 | 203.1 147.5 
| 106.8 ; 8 | 112.9 | 252 | 203.9 | 148.1 
107.6 : 1 | 113.4 | 2538 | 204.7 | 148.7 
108.4 : 9 | 114.0 | 254 | 205.5 | 149.5 
109.2 : 8 | 114.6 | 255 | 206.3 | 149.9 
110.0 : 6 | 115.2 | 256 | 207.1 | 150.5 
110.8 : : £8} 257 | 207.9 | 151.1 
111.6 oaths 30.2 | 116.4 | 258 | 208.7 | 151.6 
112.5 : .O-| 117.0 | 259 | 209.5 | 152.2] 
113.8 q 8 | 117.6 | 260 | 210.3 | 152.8 


114.1 

114.9 

115.7 

116.5 

117.8 

118.1 

118.9 

119.7 | 87. 3 | 122.3] 268 | 216.8 | 157.5] 
120.5] 87. .1 | 122.8 | 269 | 217.6 | 158.1 § 
121.4} 88. 4} 270 | 218.4 | 158.7} 


122.2 ; ; 219.2| 159.39 
123.0 : i 220.1 | 159.9 | 
123.8 ; ‘ 220.9} 160.5 f 
124.6 ‘ ot 221.7 | 161.1 J 
125.4 ( } : 75 | 222.5) 161.65 
126.2 ‘ ; 3 | 223.3 | 162.2 
127.0 f 2 224.1 | 162.8] 
127.8 ‘ ; A 224.9 

128.6 ; LAG wf ; 
129.4| 94. 226.5 | 164.6 | 
130.3 i 165.2 
131.1 ; ; 228 ] 165.8 | 
131.9 7 j .1 | 283 | 229.0 | 166.3 | 
132.7 : { Sl. 4 | 229.8 | 166.9 § 
133.5 f : i 230.6 | 167.5 | 
1384.3 ; { : 231.41 168.1 § 
135.1 ' 3. 30. 232.2 | 168.7 f 
135.9 ‘ : ; ‘ 233.0 | 169.3 | 
136.7 : 7 : 233.8 | 169.9 
137.5 : 5 290 | 234.6 170.5 


138,38 R 8] 291 | 235.4} 171.0 
139.2 ; 236.2 | 171.6} 
140.0 j | B 237.0 | 172.25 
140.8 F d ; 94 | 237.9 | 172.8} 
141.6 | 102.9 ] 2: 1 | 295 | 238.7 | 173.4 
142.4 : .9 | 138.7 | 296 | 239.5 | 174.0 | 
143,2 : 3 | 297 | 240.3 | 174.6 | 
144.0 9 | 298 | 241.1} 175.25 - 
144.8 : . 5 | 299 | 241.9 | 175.7 
145.6 8]: ; 242.7 | 176.3 


| Dep. | Lat. 


COM ODNRAMP OW = 


— 


For 54 Degrees. 


TABLE IL 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 37 DEGREES, 2h 28m, 


.| Lat. 


3] 181 | 144.6 


182 | 145.4 
183 | 146.2 
184 | 146.9 
185 | 147.7 
186 | 148.5 
187 | 149.3 
188 | 150.1 
189 | 150.9 
190 | 151.7 


Y91 | 152.5 
192] 153.8 
193 | 154.1 
194 | 154.9 
195 | 155.7 
196 
197 
198 
199 


3 1 200 


201 
202 
203 
204 
205 
206 


5 | 207 


For 53 Degrees. 


208 
209 


212 | 169.3 
213 | 170.1 
214} 170.9 
215) 171-7 
216 | 172.5 
217 | 173.5 
218 | 174.1 
219 | 174.9 
220 | 175.7 


221 | 176.5 
222 | 177.3 
178.1 
178.9 
179.7 
180.5 
181.5 
182.1 
182.9 
183.7 


184.5 
185.3 
186.1 
186.9 
187.7 
188.5 
189.3 
190.1 
190.9 
191.7 


Dep. 


108.9 
109.5 
110.1 
110.7 
111.8 
111.9 
112.5 


113.1} 2 


113.7 
114.5 


53 


ist.}| Lat. | 


192.5 
193.3 
194.1 
194.9 
195.7 
196.5 
197.3 
198.1 
198.9 


54 TABLE IL. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 88 DEGREES. 2h 32m, 


Lat. 


95,3 
96.1 
96.9 
97.7 
98.5 
99.3 
52.8 | 41.2] 127} 100.1 
53.6 | 41.9] 128 | 100.9 
54.4 | 42.5] 129) 101.7 
55.2 | 43.1] 180 | 102.4 


_ Dep. | Dist.| Lat. | Dep. | Dist. _ Lat. Dep. 
142.6 | 111.4] 241 | 189.9 | 148.4 
143.4 | 112.1 | 242 | 190.7 | 149.0 
144,2 | 112.7] 243 | 191.5 | 149.6} 
145.0 | 118.8 | 244 | 192.3 | 150.2 
145.8 | 118.9 | 245 | 193.1 | 150.8 
146.6 | 114.5 | 246 | 193.9 | 151.5 
147.4 | 115.1 | 247 | 194.6 | 152.1 
148.1 | 115.7 | 248 | 195.4 | 152.7] 
148.9 | 116.4 | 249 | 196.2 | 153.3 
149.7 | 117.0} 250 | 197.0 | 153.9 § 


37.6] 121 
38.2 | 122 
38.8 | 123 
39.4] 124 
40.0} 125 


SCV ORANKEWWe 


| pend 


11 43.7} 131 | 103.2 117.6 | 251 | 197.8 | 154.5 
¢ 12 44.3} 182} 104.0 118.2 | 252 | 198.6 | 155.1 | 
13 44.9] 133 | 104.8 118.8 | 253 | 199.4 | 155.8 
114 45.6] 134] 105.6 119.4 | 254 | 200.2 | 156.4 
a 15) 46.2] 185 | 106.4 120.1 | 255 | 200.9 | 157.0 
1 16) 46.8 | 136 | 107.2 120.7 | 256 | 201.7 | 157.6 § 

17 47.4] 137 | 108.0 121.3 | 257 | 202.5 | 158.2 } 
718) 48.0] 138 | 108.7 121.9 | 258 | 203.3 | 158.8 
g19! 48.6} 139) 109.5 122.5 | 259 | 204.1 | 159.5 
5 20]! 49.31 140} 110.3 123.1 | 260 | 204.9 | 160.1 


| | | |] | | —_—_- 


21/165! 12. 53.8149.9}141} 111.1 123.7] 261 | 205.7 | 160.7 


§22/17.3) 18. .6 | 50.5 | 142 | 111.9 124.4 | 262 | 206.5 | 161.3 
§ 23 | 51.1] 143 | 112.7 125.0 | 263 | 207.2 | 161.9 
§ 24, 51.7} 144] 113.5 125.6 | 264 | 208.0 | 162.5 

D | 52.3] 145 | 114.8 126.2 | 265 | 208.8 | 163.2 
26 | 


52.9 | 146 | 115.0 126.8 | 266 | 209.6 | 163.8 


a7. 53.6] 1471 115.8 127.4 | 267 | 210.4 | 164.4 
128 54,2| 148 | 116.6 128.1 | 268 | 211.2 | 165.0, 
429, 54.8] 149 | 117.4 128.7 | 269 | 212.0 | 165.6 
430: 55.4] 150 | 118.2 5 | 129.3] 270 | 212.8 | 166.2 
{31 56.0|151| 119.0} 93.0 271 | 213.6 | 166.8 
732) 56.6] 152|119.8| 93.6 272 | 214.3 | 167.5 
133. 57.3| 153] 120.6] 94.2 273 | 215.1 | 168.1 
134 57.9] 154| 121.4] 94.8 274 | 215.9 | 168.7 
135 58.5| 155 | 122.1] 95.4 275 | 216.7 | 169.3 
136. 59.1] 156 | 122.9] 96.0 276 | 217.5 | 169.9 
137, 59.7] 157 | 128.7] 96.7 277 | 218.3 | 170.5 
438. 60.3] 158] 124.5] 97.8 278 | 219.1} 171.2 
139 61.0] 159 | 125.3] 97.9 279 |219.9 | 171.8 
140, 61.6] 160 | 126.1] 98.5 280 | 220.6 | 172.4 | 
(41, 62.2] 161 | 126.9) 99.1 281 | 221.4| 173.0] 
| 42: 62.8 | 162 | 127.7] 99.7 282 | 222.2} 173.6 
143, 63.4] 163 | 128.4 | 100.4 283 | 223.0) 174.2 
444 64.0] 164 | 129.2 | 101.0 284 | 223.8 | 174.8 
145. 64.6] 165 | 130.0 | 101.6 285 | 224.6 | 175.5 
| 46 65.3] 166 | 130.8 | 102.2 286 | 225.4 176.1 
47 65.9] 167 | 131.6| 102.8 287 | 226.2 | 176.7 
48 66.5 | 168 | 132.4 | 103.4] ¢ 288 | 226.9 1177.3 
49 67.1] 169 | 133.2] 104.0 289 | 227.7 | 177.9 
50. 110 | 86.7 | 67.7 | 170 | 134.0 | 104.7 290 | 228.5 | 178.5 
51 68.3] 171 | 134.7} 105.8 291 | 229.3/ 179.2 
452 69.0] 172 | 135.5 | 105.9 292 | 230.1 | 179.8 
53 69.6 | 173 | 136,3 | 106.5 293 | 230.9 | 180.4 
54 70.2] 174 | 187.1} 107.1 294 | 231.7 181.0 
55 70.8] 175 | 187.9 | 107.7 295 | 232.5 | 181.6 


71.4} 176 | 138.7 | 108.4 
72.01 177 | 189.5 | 109.0 
72.6 | 178 | 140.3 | 109.6 
78.3 | 179 | 141.1] 110.2 
73.9 | 180} 141.8] 110.8]: 


—_———]V]K__—$——_ | —— J | | J | 


Dist.) Dep. | Lat. | Dist.| Dep. | Lat. | Dist.| Dep. | Lat. ist.| Dep. 
For 52 Degrees. 


296 | 283.3 182.2 
297 | 234.0 | 182.9 


TABLE II. a 55 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 89 DEGREES. 2h 36m, 


Dist.) Lat. .| Dist.| Lat. | Dep. Lat. | Dep. | Dist.) Lat. | Dep. | Dist.} Lat. | Dep. 


Se ee | —__—$ | | J -—___ 


47.4 | 38.4 94.0| 76.1] 181 | 140.7 | 113.9 | 241 | 187.3 | 151.7 
48.2! 39.0 94.8| 76.8] 182 | 141.4| 114.5 | 242 | 188.1 | 152.3 | 
49.0 | 39.6 95.6| 77.4] 183 | 142.2) 115.2] 243 | 188.8 | 152.9 
49,7 | 40.3 96.4 | 78.0 | 184 | 143.0] 115.8 | 244 | 189.6 | 153.6 
50.5 | 40.9 97.1| 78.7] 185 | 143.8 | 116.4] 245 | 190.4 | 154.2 
51.3} 41.5 97.9) 79.3] 186 | 144.5 | 117.1] 246 | 191.2] 154.8 
52.1 | 42.2 98.7| 79.9] 187 | 145.3 | 117.7 | 247 | 192.0 | 155.4 } 
52.8 | 42.8 99.5) 80.6] 188 | 146.1 | 118.3 | 248 | 192.7 | 156.1 
53.6 | 43.4 100.3} 81.2] 189 | 146.9 | 118.9 | 249 | 193.5 | 156.7 
54.4 | 44.1 101.0} 81.8] 190 | 147.7 | 119.6 | 250 | 194.3 | 157.3 


| 55.2 | 44.7 101.8] 82.4] 191 | 148.4} 120.2] 251 | 195.1 | 158.0 
56.0 | 45.3 102.6} 88.1] 192} 149.2 | 120.8 } 252 | 195.8 | 158.6 
56.7 | 45.9 103.4| 83.7) 193 | 150.0 | 121.5 | 253 | 196.6 | 159.2 
57.5 | 46.6 104.1} 84.3] 194 | 150.8 | 122.1 | 254 | 197.4 | 159.8 | 
58.3 | 47.2 104.9} 85.0] 195 | 151.5 | 122.7 | 255 | 198.2 | 160.5 
105.7| 85.6] 196 | 152.3 | 123.3 | 256 | 198.9 | 161.1 } 
106.5 | 86.2] 197 | 153.1 | 124.0 | 257 | 199.7 | 161.7 J 
107.2| 86.8] 198 | 153.9 | 124.6 | 258 | 200.5 | 162.4 
108.0} 87.5] 199 | 154.7 | 125.2 | 259 | 201.3 | 163.0 | 
108.8} 88.1] 200 | 155.4 | 125.9 | 260 | 202.1 | 163.6 


109.6} 88.7] 201 | 156.2 | 126.5 | 261 | 202.8 | 164.3 
110.4] 89.4 | 202 | 157.0 | 127.1 | 262 | 208.6 | 164.9 
111.1} 90.0] 208 | 157.8 | 127.8 | 263 | 204.4 | 165.5 
111.9} 90.6 | 204 | 158.5 | 128.4 } 264 | 205.2 | 166.1 
112.7| 91.3 | 205 | 159.3 | 129.0 } 265 | 205.9 | 166.8 
5} 113.5) 91.9} 206 | 160.1 | 129.6 | 266 | 206.7 | 167.4 
114.2} 92.5 |.207 | 160.9 | 130.3 | 267 | 207.5 | 168.0 
115.0} 93.1] 208 | 161.6 | 130.9 | 268 | 208.3 | 168.7 
115.8} 93.8 | 209 | 162.4 | 131.5 | 269 | 209.1 | 169.3 
116.6] 94.4] 210 | 163.2 | 1382.2 | 270 | 209.8 | 169.9 


Se a Pee ee ee ee ee 


117.3] 95.0] 211 | 164.0 | 132.8} 271 | 210.6} 170.5 
118.1| 95.7] 212 | 164.8 | 183.4] 272 | 211.4}171.2 
118.9] 96.8 | 213 | 165.5 | 134.0 | 273 | 212.2| 171.8 
119.7| 96.9] 214 | 166.3! 134.7 | 274 | 212.9 | 172.4 
120.5| 97.5 | 215 | 167.1 | 185.3 | 275 | 213.7 | 173.1 
121.2] 98.2] 216 | 167.9 | 135.9 } 276 | 214.5 | 173. 
122.0} 98.8] 217 | 168.6 | 136.6 | 277 | 215.3 | 174.3 f 
122.8| 99.4] 218 | 169.4 | 187,2} 278 | 216.0 | 175.0 | 
123.6 | 100.1 | 219 | 170.2 | 137.8 | 279 | 216.8 | 175.6 
124.3 | 100.7 | 220 | 171.0 | 138.5 | 280 | 217.6 | 176.2} 
125.1 221] 171.7] 189.1] 281 | 218.4 | 176.8 } 
125.9 222 | 172.5 | 189.7 | 282 | 219.2 | 177.5 | 
126.7 223 | 1'73.3 | 140.3 | 283 | 219.9 | 178.1 
127.5 224 | 174.1 | 141.0 | 284 | 220.7 | 178.7 | 
128.2 225 | 174.9 | 141.6 | 285 | 221.5} 179.4 
129.0 226 | 175.6 | 142.2 | 286 | 222.3 | 180.0 § 
129.8 227 | 76.4 | 142.9 | 287 | 223.0 180.6 
83.9 | 68.0 150.6 228 | 177.2 | 143.5 | 288 | 223.8 181.2] 
84.7 | 68.6 131.5 229 | 178.0 | 144.1 | 289 | 224.6] 181.9 } 
85.5 | 69.2 132.1 230 | 178.7 | 144.7 | 290 | 225.4 | 182.5 | 


86.3 | 69.9 152.9 231 | 179.5 | 145.4 
87.0 |'70.5 133.7 232 | 180.3 | 146.0 
87.8 | 71.1 154.4 233 | 181.1 | 146.6 
88.6 | '71.7 135.2 234 | 181.9 | 147.8 
89.4 | 72.4] 175 | 136.0 235 | 182.6 | 147.9 
176 | 156.8 236 | 183.4 | 148.5 
177 | 137.6 237 | 184.2 | 149.1 
178 | 158.3 238 | 185.0 | 149.8 


179 | 189.1 .6 | 239 | 185.7 | 150.4 
60 | 46.6 | 37.8 | 120 | 93.3 | 75.5 | 180 | 139.9 240 | 186.5 | 151.0 


Dist. Dep. | Lat. | Dist. ‘Dep. Lat. | Dist. Dep. ‘| Lat. | Dist. Dep. | Lat. 
For 51 Degrees, _ 3h 24m, 


70.7 | 57.8 
71.5 | 57.9 
72.3 | 58.5 
73.1 | 59.2 
73.8 | 59.8 
74.6 | 60.4 
75.4 | 61.0 
76.2 | 61.7 
76.9 | 62.3 
77.7 | 62.9 
78.5 | 65.6 
79.3 | 64,2 
80.0 | 64.8 
80.8 | 65.4 
81.6 | 66.1 
82.4 | 66.7 
83.2 | 67.3 


291 | 226.1| 183.1 
292 | 226.9} 183.8 | 
293 | 227.7 | 184.4 
294 | 228.5 | 185.0 | 
295 | 229.3 | 185.6 | 
296 | 230.0 | 186.3 | 
297 | 230.8} 186.9 | 
298 | 231.6 | 187.5 
299 | 282.41 188.2 
300 | 233.1 | 188.8 


55 
p4 
55 
56 
57 
58 
59 | 45.9 | 37.1 | 119 | 92.5 | 74.9 


a TABLE IL. 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 40 DEGREES. 2h 40m, 


Lat. 


Dist.) Lat. Dep. | Dist.|_Lat. | Dep._ 


1| 00.8 92,7 138.7] 116.3 | 241 | 184.6 | 154.9 
2/ 01.5 93.5 139.4 | 117.0] 242 | 185.4 | 155.6 
3| 02.3 94,2 140.2 | 117.6 | 248 | 186.1 | 156.2 
4| 03.1 95.0| 79. 141.0 | 118.8 | 244 | 186.9 | 156.8 
5 | 03.8 95.8 141.7 | 118.9 | 245 | 187.7 | 157.5 

| 6| 04.6 96.5 142.5 | 119.6] 246 | 188.4 | 158.1 
7| 05.4 97.3 143.3 | 120.2] 247 | 189.2 | 158.8 

i 8/ 06.1 98.1 144.0 | 120.8] 248 | 190.0 | 159.4 
9| 06.9 98.8) 82. 144.8 | 121.5 | 249 | 190.7 | 160.1 

10 | 07.7 99.6 145.5 | 122.1] 250 | 191.5 | 160.7 
11| 08.4 100.4} 84.2] 191 | 146.3 | 122.8 | 251 | 192.3| 161.3 
12| 09.2 101.1 147.1 | 128.4 | 252 | 193.0 | 162.0 
13 | 10.0 101.9} 85. 147.8 | 124.1 | 253 | 193.8 | 162.6 
14.) 10.7 102.6 148,6 | 124.7] 254 | 194.6 | 163.3 
15] 11.5 103.4 149,4 | 125.3] 255 | 195.3 | 163.9 
16| 12.3 104.2 150.1 | 126.0] 256 | 196.1 | 164.6 
17 | 13.0 104.9 150.9 | 126.6 | 257 | 196.9 | 165.2 
18 | 13.8 105.7 127.8 | 258 | 197.6 | 165.8 
19 | 14.6 106.5 152.4 | 127.9] 259 | 198.4 | 166.5 
20 | 15.3 107.2 153.2 | 128.6 | 260 | 199.2 | 167.1 
2116.1 108.0 154.0 | 129.2] 261 | 199.9 | 167.8 
22| 16.9 108.8 129.8 | 262 | 200.7 | 168.4 
23 | 17.6 109.5 155.5 | 130.5} 263 | 201.5 | 169.1 
24 | 18.4 110.8 156.3 | 181.1 | 264 | 202.2 | 169.7 
25 | 19.2 111.1 157.0 | 131.8 | 265 | 203.0 | 170.8 
26 19.9 111.8 157.8 | 132.4 | 266 | 203.8 | 171.0 
27 | 20.7 112.6 158.6 | 133.1 | 267 | 204.5 | 171.6 
128 | 21.4 113.4 159.3 | 183.7] 268 | 205.3 | 172.8, 
29 | 22.2 114.1 160.1 | 184.3 | 269 | 206.1 | 172.9 
30 | 23.0 114.9 160.9 | 135.0] 270 | 206.8 | 173.6 
31 | 23.7 115.7} 97.1] 211] 161.6 | 185.6] 271 | 207.6 | $74.2 
32] 24.5 116.4} 97.7} 212] 162.4 | 136.3] 272 | 208.4) 174.8 
33 | 25.3 117.2} 98.3] 213 | 168.2 | 186.9 | 273 | 209.1 | 175.5 
34 | 26.0 118.0| 99.0] 214 | 163.9 | 187.6 | 274 | 209.9 | 176.1 
35 | 26.8 118.7} 99.6] 215 | 164.7) 138.2] 275 | 210.7| 176.8 
36 | 27.6 119.5 | 100.3 | 216 | 165.5 | 138.8] 276 | 211.4 | 177.4 
37 | 28.3 120.3 | 100.9 | 217 | 166.2 | 189.5 | 277 | 212.2 | 178.1 
38 | 29.1 121.0 | 101.6] 218 | 167.0 | 140.1] 278 | 213.0 | 178.7 
39 | 29.9 121.8 | 102.2] 219 | 167.8} 140.8 | 279 | 213.7 | 179.8 
40 | 30.6 122.6 | 102.8 | 220 | 168.5 | 141.4 | 280 | 214.5 | 180.0 
41/314 123.8 | 103.5 | 221 | 169.8 | 142.1] 281 | 215.3 | 180.6 
42 | 32.2 124.1 | 104.1 | 222] 170.1 | 142.7 | 282 | 216.0 | 181.3 

| 43 | 32.9 124.9 | 104.8 | 223 | 170.8 | 143.3 | 283 | 216.8 | 181.9 

| 44| 33.7 125,6 | 105.4] 224 | 171.6 | 144.0 | 284 | 217.6 | 182.6 

145 | 34.5 126.4 | 106.1 ] 225 | 172.4 | 144.6] 285 | 218.3 | 183.2 

146 | 35.2 127.2 | 106.7 | 226 | 173.1 | 145.3 | 286 | 219.1 | 183.8 

| 47 | 36.0 127.9 | 107.3} 227 | 173.9 | 145.9 | 287 | 219.9 | 184.5 

[48 | 36.8 128.7! 108.0 | 228 | 174.7 | 146.6 | 288 | 220.6 | 185.1 

49 | 87.5 129.5 | 108.6 | 229 | 175.4 | 147.2] 289 | 221.4 | 185.8 
50 | 38.3 130.2 | 109.8 | 230 | 176.2 | 147.8] 290 | 222.2! 186.4 
51 | 89.1 131.0 | 109.9 | 231 | 177.0! 148.5 | 291 1222.9! 187.1 
52 | 39.8 131,8 | 110.6] 232 | 177.7 | 149.1] 292 223.7! 187.7 
53 | 40.6 132.5 | 111.2 | 233 | 178.5 | 149.8 | 293 : 224.5 | 188.3 
54| 41.4 138.8] 111.8] 284 | 179.3 | 150.4] 294 225.2 | 189.0 
55 | 42.1 134.1 | 112.5} 235 | 180.0 | 151.1] 295 | 226.0 | 189.6 
56 | 42.9 134.8 | 113.1] 236 ! 180.8 | 151.7] 296 | 226.7 | 190.3 
BY | 43.7 135.6 | 113.8 | 237 | 181.6 | 152.3] 297 | 227.5 | 190.9 
58 | 44.4 36.4| 114.4] 238 | 182.3, 153.0 | 298 | 228.3 | 191.6 
59 | 45.2 137.1] 115.1] 239 | 183.1| 153.6 | 299 | 229.0 | 192.2 
60 | 46.0 137.9 183.9 | 154.3 | 800 | 229.8 | 192.8 


S| | |] | | 


Dist.| Dep. | Lat. | Dist.| Dep. 


Dep. | Lat. ‘ 
3h 20m, 


Dist. Dep. | Lat. { Dist.| Dep. | Lat. 
For 50 Degrees. 


TABLE IL. 57 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 41 DEGREES. 2h 44m, 


Lat. : Dep. | 


79.4| 181] 136.6| 118. 158.1} 
80.0 | 182| 137.4] 119. 182.6 | 158.8 | 
80.7 | 183 | 188.1 | 120.1] 243 | 1838.4 | 159.4 | 
81.4| 184| 138.9 | 120, 184.1| 160.1} 
$2.0 | 185 | 139.6 | 121.4] 245 | 184.9 | 160.7 
}| 140.4 | 122.0] 246 | 185.7 | 161.4 

141.1 | 122. 186.4 | 162.0} 

141.9 | 123.2 187.2 | 162.7 | 

142.6 | 124.0] 249 | 187.9 | 163.4 | 

143.4 | 124, 188.7 | 164.0 | 

144.1 | 125. 189.4 | 164.7 | 

144.9 | 126.0] 252 | 190.2 | 165.3 | 

145.7 | 126.6 | 253 | 190.9 | 166.0 | 

146.4 | 127.3 | 254! 191.7| 166.6 

147.2| 127.9 | 255 | 192.5 | 167.3 

256 | 193.2 | 168.0} 

194.0 | 168.6 

194.7 | 169.3 

195.5 | 169.9 | 

91.8 | 200 | 150. .2| 260 | 196.2 | 170.6 | 


92.5 | 201 197.0 | 171.2] 
93.2 | 202 | 152. 2.5 | 262 | 197.7 | 171.9 § 
93.8 | 208 | 153. 3d. 33 | 198.5 | 172.5 
94.5 | 204 | 154.0 | 133. 04 | 199.2 | 178.2 | 
95.1 | 205 7 | 134. 39 | 200.0 | 173.9 
95.8 | 206 1] 266 | 200.8 | 174.5 
96.4 | 207 : f 97 | 201.5 | 175.2 
97.1} 208 ). 202.3 
97.8 | 209 “7 | 187. 203.0 

98.4 | 210 | 137. 0 | 203.8 


204.5 

205.3 

206.0 

206.8 

207.5 | 
>| 208.3 


105.6 | 221 
106.5 | 222 
106.9 | 223 
107.6 | 224 
108.2 | 225 
108.9 | 226 


112.2] 231 
112.8 | 232 
115.5 | 233 
114,2 | 234 
114.8 | 235 
115.5 | 236 
116.1 | 237 
116.8 | 238 
117.4 | 239 
118.1] 240 


Dep. ‘| Lat. | Dist. 
For 49 Degrees. 


58 


—— f — | 


‘TABLE IL. 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 42 DEGREES. 2h 48m, 
Lat. | Dep. | Dist.| Lat. | _ Dep. Dep. Diet| Late _Dep._ 
61 45.3 | 40.8 89.9 | 81.0 241 | 179.1 | 161.3] 
62 | 46.1 | 41.5 90.7) 81.6 242 | 179.8 | 161.9] 
63 | 46.8 | 42.2 91.4} 82.3 243 | 180.6 | 162.6 | 
64 | 47.6 | 42.8 92.1) 83.0 244 | 181.3 | 163.3 
65 | 48.3 | 43.5 92.9) 83.6 245 | 182.1 | 163.9 | 
66 | 49.0 | 44.2 93.6 | 84.3 246 | 182.8 | 164.6 
67 | 49.8 | 44.8 94.4; 85.0 247 | 183.6 | 165.3 
8 | 50.5 | 45.5 95.1} 85.6 248 | 184.3 | 165.9 
9 | 51.3 | 46.2 95.9 | 86.5 249 | 185.0 | 166.6 
70 | 52.0 | 46.8 96.6] 87.0 250 | 185.8 167.3 
71 | 52.8 | 47.5 97.4) 87.7 251 | 186.5 168.0 
53.5 | 48.2 98.1} 88.3 252 | 187.3 | 168.67 
73 | 54.2 | 48.8 98.8} 89.0 253 | 188.0 | 169.5 f 
74 | 55.0 | 49.5 99.6] 89.7 254 | 188.8 | 170.0 | 
5 | 55.7 | 50.2 100.3 | 90.3 255 | 189.5 | 170.6 } 
6 | 56.5 | 50.9 31 107,1 | 91.0 256 | 190.2 | 171.8 
57.2 | 51.5 Ri} eee iat bead 257 | 191.0 | 172.0 
78 | 58.0 | 52.2 102.6| 92.3 258 | 191.7 | 172.6 
79 | 58.7 | 52.9 103.3 | 93.0 259 | 192.5 | 173.3 
80 | 59.5 58.9. 104.0] 93.7 260 | 193.2 | 174.0 
, Sl | 60.2 54.2. 104.8} 94.3 261 | 194.0 | 174.6 
14.7] 82 | 60.9 | 54.9 105.5 | 95.0 262 | 194.7 | 175.3 
15.4] 8361.7 | 55.5 106.3 | 95.7 263 | 195.4 | 176.0 
16.1] 84| 62.4 | 56.2 107.0} 96.4 264 | 196.2 | 176.7 
16.7] 85 | 63.2 | 56.9 107.8} 97.0 265 | 196.9 | 177.8 
17.4] 86 | 63.9 | 57.5 108.5} 97.7 266 | 197.7 | 178.0 
8.1] 87] 64.7 | 58.2 109.2) 98.4] 267 | 198.4 | 178.7 
18.7] 88 | 65.4 | 58.9 110.0} 99.0 268 | 199.2 | 179.8 
19.4] 89 | 66.1 | 59.6 PIT) ODE 269 | 199.9 | 180.0 
20.1} 90 | 66.9 | 60.2 111.5 100.4] 5 270 | 200.6 | 180.7 
20.7] 91 | 67.6 | 60.9 112.2 271 | 201.4 | 181.8 
21.4] 92) 68.4 | 61.6 113.0 272 | 202.1 | 182.0 
22.1] 93) 69.1 | 62.2 113.7 273 | 202.9 | 182.7 
22.8] 94 | 69.9 | 62.9 114.4 274 | 203.6 | 185. 
23.4} 95 | 70.6 | 63.6 115.2 275 | 204.4 | 184.0 
24.1] 96 | 71.3 | 64. 56 | 115.9 276 | 205.1 , 184.7 
24.8] 97 | 72.1 | 64.9 116.7 277 | 205.9 | 185.8 
25.4] 98 | 72.8 | 65.6 117.4 278 | 206.6 | 186.0 | 
26.1] 99 | 73.6 | 66.2 118.2 279 | 207.3 | 186.7 f 
26.8 100° 74.3 | 65.9 118.9 280.| 208.1 | 187.4] 
27.41 101 | 75.1 | 67.6 119.6 281 | 208.8} 188.0 § 
28.1] 102 | 75.8 | 68, 120.4 282 | 209.6 | 188.7 } 
28.8 | 103 ae 68.9 121.1 283 | 210.3 | 189.4 
29.4 | 104 | 77.3 | 69.6 121.9 284 | 211.1 | 190.0} 
30.1} 105 78.0 70.8 122.6 285 | 211.8 | 190.7 
30.8 | 106 | 78.8 | 70.9 125.4 286 | 212.5 | 191.4 
531.41) 107 | 79.5 | 71.6 124.1 287 | 213.3 | 192.0 
32.1] 108 | 80.38 | 72.5 124.8 288 | 214.0 | 192.7 
32.8 | 109 | 81.0 | 72.9 125.6 289 | 214.8 | 193.4 
33.5] 110) 81.7 | 73. 126.5 290 | 215.5 | 194.0 
34.1] 111 | 82.5 | 74.3 127.1 291 | 216.3 | 194.7 
34.8 | 112 | 83.2 | 74.9 127.8 292 | 217.0 | 195.4 
39.0 | 113 | 84.0 | 75.6 128.6 293 | 217.7 | 196.1 
36.1 | 114 | 84.7 | 76.3 129.3 294 | 218.5 | 196.7 
36.8 | 115 | 85.5 | 77.0 130.1 295 | 219.2 | 197.4 
37.5 | 116 | 86.2 | 77.6 130.8 296 | 220.0 | 198.1 
38.1 | 117 | 86.9 | 78.é 131.5 297 | 220.7 | 198.7 
38.8 | 118 | 87.7 | 79.0 132.38 298 | 221.5 | 199.4 
39.5 | 119 | 88.4 | 79.6 153.0 209 | Roerd | 200.1 
40.1 | 120 | 89.2 | 80.3 133.8 : 300 | 222.9 | 200.7 
at. | Dist.| Dep. | Lat. | Dist.| Dep. . | Dist. ; | Dist | Dep. Lat, 


For 48 Degrees, 3h 12m, 


TABLE UL. Sh, 59 
DIFFERENCE OF LATITUDE AND DEPARTURE FOR 43 DEGREES. 2h 52m, 


~ 


CHI AMR wwe |e 


Dep. | Dist.| Lat. Dep. | Dist. 
44.6 : : ye 132.4 | 123.4] 241 
45.3 | 42; 2 2 3. 21133. 242 
46.1 F , >. 33 | 133.8 | 124.8 | 248 
46.8 | 45. J : 34.6 | 125.5 1244 
: 135.3 | 126.2] 245 
135.0 | 126.9 | 246 
186.8 | 127.5):247 
137.5 | 128.2 4248 
138.2 | 128.9} 249 
139.0 | 129.6 | 250 
139:7 
90.0 | 192 | 140.4 
90.7} 1938 | 141.2 
91.4] 194} 141.9 
92.1] 195 | 142.6 
92.8] 196 | 148.3 ; 
93.4.| 197 | 144.1 | 134.4 | 2: 
94.11198 | 144.8 | 135.0 | 258 
94.8] 199 | 145.5 | 135.7 | 2 
95.5 | 200 | 146.3 | 136.4 | 26 


96.2 | 201 | 147.0} 1387.1] 
96.8 | 202 | 147.7 | 137.8 | * 
97.5 | 208 | 148.5 | 138.4 |“ 
98:2 | 204 | 149.2 | 139.1] % 
98.9 | 205 | 149.9 | 139.8 | 26 
99.6 | 206 | 150.7 | 140.5] 5 
107.5 | 100.8 | 207 | 151.4 | 141.2] 26 
108.2 | 100.9 | 208 | 152.1 | 141.9]: 
109.0 | 101.6 | 209 | 152.9 | 142.5] 2 
109.7-| 102.3 | 210 | 153.6 | 143.2 
110.4 | 103.0 | 211 | 154.3 | 143.9 198.2 
111.2} 103.7 | 212 | 155.0 | 144.6 198.9 
111.9 | 104.3 | 213 | 155.8 | 145.3 | 278 | 199.7 
>| 105.0 | 214 | 156.5 | 145.9 200.4 | 
105.7 | 215 | 157.2 | 146.6 | 275 | 201.1 
106.4 | 216 | 158.0 | 147.3 201.9 
107.1] 217 | 158.7 | 148.0] % 202.6 
107.8 | 218 | 159.4 | 148.7] 278 | 203.3 
108.4 | 21-9 | 160.2 | 149.4 | 279 | 204.0 
109.1 | 220 | 160.9 | 150.0} 280 | 204.8 
109.8 | 221 | 161.6 | 150.7 | 281 | 205.5 | 191.6 | 
110.5 | 222 | 162.4 | 151.4] 282 | 206.2 | 192.3 | 
111.2 | 223 | 163.1 | 152.1 3 | 207.0 | 193.0} 
111.8 | 224 | 163.8 | 152.8 | 284 | 207.7 | 193.7 | 
112.5 | 225 | 164.6 | 153.4] 285 | 208.4 
113.2 | 226 | 165.3 | 154.1 | 286 | 209.2 
113.9 | 227 4166.0 | 154.~ 209.9 |.198 
114.6 | 228 .7 | 155.5 | 288 | 210.6 
115.3 | 229 | 167.5 | 156.2 |] 289 | 211.4 
115.9 | 230 8.2 | 156.9 | 290 | 212.1 


157.5] 291 | 212.8 
158.2 | 292 | 213.6 

4) 158.9 214.3 
159.6 | 294 | 215.0 
160.5 51 215.7 
161.0 
161.6 
162.3 
163.0 
163.7 

ist.| Dep. | Lat. | Dist. at. | Dist.] Dep. | Lat. ist. . | Lat. | Dist. 
For 47 Degrees. 


CMI Aa vik OW — 
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Dist.| Lat. | Dep. | Dist.) Lat. 


Dep. | Dist.) Lat. | Dep. Dist. 


Dist, Dep. at: Dist. 


Dep. 


Dist.| Lat. _Dep. 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 44 DEGREES, 2h 58m, 


167.4 
168.1] 


180.6} 


181.3] 
182,01 
182.7} 
183.44 
184.1} 
184.8] 
185.5 
186.2 
186.9 4 
187.6} 
188.3} 
188.9 | 
189.6 § 
190.34 
191.0] 


196.6] 
197.3} 
198.0 

198.7 | 
199.4} 
200.1 
200.8 | 
201.5 


125.7 | 241 | 173.4 
.9| 126.4 | 242 | 174.1 
31.6 | 127.1] 243 | 174.8 
127.8 | 244 | 175.5 
128.5 | 245 | 176.2 
129.2 | 246 | 177.0 
128.9 |] 247 | 177.7 
130.6 | 248 | 178.4 
131.3] 249 | 179.1 
132.0 | 250 | 179.8 
132.7 | 251 | 180.6 
133.4] 252 | 181.3 
8 | 184.1 | 253 | 182.0 
}| 184.8 | 254 | 182.7 
135.5 | 255 | 183.4 
136.2] 256 | 184.2 
136.8 } 257 | 184.9 
137.5 | 258 | 185.6 
138.2} 259 | 186.3 
5, 138.9 | 260 | 187.0 
He 101.4| 97.9 139.6 | 261 | 187.7 
7.0 102.1} 98.6 140.3 | 262 | 188.5 
aye 102.9} 99.3]: 141.0] 268 | 189.2 
58.4 103.6 | 100.0 141.7 | 264 | 189.9 
59.0 104.3 | 100.7]: 142.4] 265 | 190.6 
59.7 105.0 | 101.4 143.1 | 266 | 191.3 
60.4 105.7 | 102.1]: 143.8 | 267 | 192.1 
61.1 106.5 | 102.8 144.5] 268 | 192.8 
61.8 107.2 | 103.5 145.2 | 269 | 193.5 
62.5 107.9 | 104.2 145.9 | 270 | 194.2 
63.2 108.6 146.6] 271 | 194.9 
3.9 109.8 147.3 | 272 | 195.7 
64.6 110.1 148.01 273 | 196.4 
65.8 110.8 9 | 148.7 | 274 | 197.1 
66.0 111.5 .7| 149.4 | 275 | 197.8 
66.7 112.2 150.0 | 276 | 198.5 
67.4 112.9 150.7 | 277 | 199.8 
68.1 113.7 151.4} 278 | 200.0 
68.8 114.4 152.1] 279 | 200.7 
69.5 115.1 8| 152.8] 280 | 201.4 
115.8} 111.8] 221 | 159.0] 153.5 | 281 | 202.1 
70.9 116.5 222 | 159.7 | 154.2 | 282 | 202.9 
71.5 117.8 223 | 160.4 | 154.9] 283 | 203.6 
rp 118.0 224] 161.1] 155.6 | 284 | 204.8 
72.9 225 | 161.9 | 156.3 | 285 | 205.0 
73.6 31226 | 162.6 | 157.0] 286 | 205.7 
74.3 227 | 163.3 | 157.7] 287 | 206.5 
75.0 3.7 1228 | 164.0| 158.4 | 288 | 207.2 
75.7 229 | 164.7 | 159.1 | 289 | 207.9 
76.4] 170 | 122.3 230 | 165.4| 159.8]: 
1 123,0| 118.8] 231 | 166.2] 160.5 
8 123.7 | 119.5 | 232 | 166.9/ 161.2 
| 124.4 | 120.2] 233 | 167.6] 161.9 


125.2 | 120.9 | 23 
125.9 | 121.6 


80.6 126.6 | 122.3 | 236 | 169.8 | 163.9 
81.3 127.8 | 125.0} 287 | 170.5 | 164.6 
82.0 128.0 | 123.6 | 288 | 171.2 | 165.3 
82.7 128.8 | 124.8 | 239 | 171.9 | 166.0 
83.4 | 180 | 129.5 | 125.0 | 240 | 172.6 | 166.7 


Dist. | Dep. | Lat. 
For 46 Degrees.. 


8 | 203.5 


202.1 § 
202.8 | 


Dist Lat. | Dep. 


CSDOMANATIRWHWE 


“TABLE IL. 


DIFFERENCE OF LATITUDE AND DEPARTURE FOR 45 DEGREES. 


00.7 
01.4 
02.1 
02.8 
03.5 


i | Dep. Lat. 


114.6 | 222 
115.5 | 228 
116.0 | 224 
116.7 | 225 


235 
124.5 | 236 
125.2 | 237 
9 | 125.9 | 288 
>| 126.6 | 239 
127.3 | 240 
Dep. | Lat. 1! Dist. 
For 45 Degrees. 


128.7 
129.4 
150.1 
130.8 
151.5 
132.2 
132.9 
133.6 
134.4 
135.1 


155.8 | | 


136.5 
187.2 
137.9 
138.6 
139.3 
140.0 
140.7 
141.4 


142.1| 


142.8 


143.5 


144.2) 


145.0 
145.7 


146.4 


147.1 
147.8 
148.5 


149.2]. 


149.9 
150.6 
151.5 


241 
242 
245 
244 
245 


246 


2 | 247 


248 


5] 249 


250 
251 
202 
253 
254 
255 
256 


3 | 257 


258 
259 
260 


170.4 
171.3 
171.8 
172.5 
173.2 
173.9 
174.7 
175.4 
176.1 
176.8 


61 
3h Om, 


Dep. | Dist.| Lat. | Dep. 


170.4 
Li hih 
171.8 
172.5 
173.2 
173.9 § 
174.7 j 
175.4 
176.1 | 
176.8 | 


177.5 
1'78.2 

78.9 
179.6 
180.5 
181.0 
181.7 
182.4 
183.1 
183.8 


177.5 
178.2 
178.9 
179.6 
180.3 3 
181.0 
181.7 
182.4 
183.1 
183.8 


152.0 | 152. 


152.7 
153.4 
154.1 


154.9 | - 
(155.6 


156.3 
157.0 
157.7 
158.4 
159.1 
159.8 
160.5 
161.2 
161.9 
162.6 


163.5 
164.0 
164.8 
165.5 
166.2 
166.9 
167.6 
168.5 
169.0 


169.7 | 1 


Dep. 


261 
262 
263 
264 
265 


1266 


267 


1268 


269 
270 
271 
272 


61278 
| 274 


275 
276 


283 
284 
285 
286 
287 
288 
289 
290 


184.6 
185.3 
186.0 
186.7 
187.4 
188.1 
188.8 
189.5 
190.2 
190.9 


191.6 | 


192.5 
193.0 
193.7 
194.5 


198.7 
199.4 
200.1 
200.8 
201.5 
202.2 
202.4 
203.6 


204.4 | 2 


205.1 


184.6 
185.5 
186.0 
186.7 


|} 291 


292 
293 
294 
295 


296 


3] 297 


298 
299 
300 
Dist. 


205.8 
206.5 


207.2 | 2 


207.9 


208.6 | 2 


209.5 
210.0 
210.7 
211.4 


219.1 | 212.1 


Dep. 


62 ) TABLE III. 
e MERIDIONAL PARTS. 


M._[ 0° | 1° [2° | 8° | 4° [ae [6° | 7° | 8° [9° | 109 119] 12°] 13° MY 
0 | 60); 120] 180} 240] 300] 361 | 421 9 } 
1 | 61] 121 | 181 | 241] 301 | 862 | 422 1\f 
2 | 62] 122| 182 | 242] 302 | 363 | 423 2 | 
3 | 63] 123 | 183 | 243 | 303 | 364 | 424 8 f 
4 | 64} 124) 184 304 | 365 | 425 4 
5 | 65| 125] 185 | 245 | 305 | 366 | 426 | 487 5 
6 | 66, 126/186 306 | 367 | 427 6 
7 | 67| 1271187 | 247] 307 | 368 | 428 7 a 
8 | 68] 128] 188 | 248] 308 | 369 | 429 gs | 
9 | 691 129/189 309 | 370 | 480 i) 

10 | 70] 130/190 15 310/371 | 431 10 
11 | 71) 131) 191 | 2511311 | 372 | 482 11 
12 | 72] 132) 192 | 252] 312 | 373 | 433 12 
13 | 731133] 198 | 253]313 | 374 | 484 13 
14 | 74] 134] 194} 254]314 1375 | 485 14 
15 | 75/135] 195 | 2551315] 376 | 436 1b | 
16 | 76/136 | 196 | 256 | 316 | 377 | 487 16 
17 71137 | 197 | 2571317 | 378 | 488 17 
18 | 781138 | 198 | 258/318 | 379 | 439 18 
19 | 79:139] 199 | 259] 319 | 380 | 440 19 
20 | 801140 | 200] 2601320] 881 | 441 ~ 90 
21 | 81) 141 | 201 | 261 | 321 | 382 | 442 2] 
22 | 82] 142 | 202 | 262] 822 | 383 | 443 29 
23 | 88] 148 | 203 | 263] 328 | 384 | 444 23 
24 | 84] 144 | 204 | 264] 324 | 385 | 445 o4 
25 | 851145 | 205 | 265 | 325 | 386 | 446 D5 
26 | 86] 146 | 206 326 | 387 | 447 |: 26 
27 | 871 147 | 207 | 267 | 827 | 388 | 448 |! 27 
28 | 88] 148] 208 | 268] 828 | 389 | 449 a8 | 
29 | 89/149 , 209 | 269 | 330] 390 | 450 29 | 
30 | 90} 150}210 331/391 | 451 30 
31 | 91/151} 211! 332 | 392 | 452 3] 
32 | 92] 152 | 212 | 272] 338 | 393 | 453 3 
3 | 983] 153 | 213 | 273 | 334 | 394 | 454 35 
34 | 94] 154] 214 | 274] 335 | 395 | 455 “ 
35 | 95/155] 215]: 336 | 396 | 456 35 
96 | 156 | 216 | 276 | 837 | 397 | 457 36 
97 | 157 | 217 | 277 | 838 | 398 | 458 37 
98 | 158 | 218} 278] 339 | 399 | 459 |: 38 
99 | 159 | 219 | 279 | 340 | 400 | 460 39 # 
160 | 220 | 2801341 | 401 | 461 | 5: 40 
161 | 221 | 281 | 342 | 402 | 462 Al } 
‘| 162 | 222 | 282 | 343 | 408 | 463 | 5s 42 
163 | 223 | 283] 344 | 404 | 464 43 | 
164. | 224 | 2841345 | 405 | 465 | 5 44 | 
165 | 225 | 285 | 346 | 406 | 466 45 
166 | 226 | 286 | 847 | 407 | 467 46 | 
167 | 227 | 287] 848 | 408 | 468 | 55 47 i 
168 | 228 | 288 | 349 | 409 | 469 48 
169 | 229 | 289}350 | 410 | 470 49 
170 | 230 | 290|3511411 | 471 50 FF 
1'71 | 231 51 fF 
172 | 232 | 2¢ 52 
173 | 233 53 
174 | 234 54 
175 | 235 BS 
176 | 236 56 
177 | 2875 57 
178 | 238 58 
179 | 239 59 
. QO }° 990 3 fe) M. 


TABLE IIL “68 
MERIDIONAL PARTS. 


| 149 | 15° | 16°] 179] 18°] 199 | 20° | VI | BB [2B | V4 | 259] 69] V7 | M. 


0 1848/1910] 973)L035|L09S]1161/1225]/1289|135 $4/1550/1616] 1684 0 
1 {850/911 | 974/1036)1099]1 163] 1226] 1290/1355]1420/1485/1551/1618) 1685 l 
2 |851)913} 975/103711 100] 164) 1227/1291)1356114211148611552/1619] 1683 2 
3 1852|914 9761103811101|11651122811292|1357 1422)1487|1553) 1626] 1687 3 
4 18531915 | 977/1039]1102111 66/1229] 1293)13581142311488/1554/1621] 1688 4 
5 1854/1916] 97S8/L041/1103]1 167)1230/1295)1359/1424/ 1490/15 5611622! 1689 5 
6 1855|917| 979/1042/1105}1165)1232/1296)1360]1425| 1491) 1557/1628! 1690 6 
7% 1856/ 918} 980/1043/1106]L169/1233)1297/1361]1426]14921 1558/1624] 1691 f 
8 1857 | 919} 981/1044/1107]1170/1234/1298/1362}1427/1493/1559/1625! 1698 8 
9 1858] 920} 982)1045/11051171/1235/1299/1363]1428)1494)1560/1626] 1694 9 
10 |859| 921] 983)1046/1109}1 172/1286]1300/1364]1430/149511561/ L628] 1695110 
11 |860| 922} 984/1047/1110]1173}1237/1 3801/1 3661143 11496 156211629] 16961 11 
12 1861 | 923} 985)1048/1111]1174/1238) 1302/1367 4 32|1497/1563/1630] 1697} 12 
13 1862 | 924! 996/1049|111211175!123911303/1368]1433/1498]1564/1631/ 16981 13 
14 |863| 925] 987/1050/1113}1 176/1240)1804/1869]1434114991156511632| 1699| 14 
15 1864} 926] 988/1051/1114] 177/1241/1305/1370]1435!15001156711633] 1700115 
16 1865 | 927} 989)1052/1115]1178}1242)1306)1371/1436|1502/156811634| 17011 16 
17 1866 | 928} 990/1053/1116]1179}1243|1307/1872]143711503/1569/1635] 170 17 
18 |867| 929) 991|1054/1117M181/1244)1308]1373]1438)1504/157011637| 1704] 18 
19 18681930} 993/1055/1 1 18]/L182/1245/1310/1374]1439/1505/157111638| 1705119 
90 18691931 | 994/1056/11 19]11183/124611311/1375]1440/1506/1572)1639| 17061 20 _ 
2) 1870932} 995/1057/1120]1184/1248/1312/187611441/1507/1573/1640] 1707] 21 
99 1871/9338) 996/1058/1121]1185/1244/1313/1377114431150811574/1641/ 17081 29 
23 1872/9384) 997/1059]1 1L22}1 186/15 pea LS LAT SS LROUG 9 13 1709] 23 
94 1873| 935! 99S/1060/1123}]1 187}1251/1315/188011445]151011577)1643] 1711] 24 
~ 95 18741936 | 999/1061/L1 25] 188 1252/1316/1381}1446/1511 fiat 17121 25 
26 1875| 927 |1000/1063)1126]1189]1253/1317|/188211447)1515/1579/1644 L713] 26 
97 18761 938 |1001/1064|1127|1190]1254/1318/1883}1448/1514/1580/1647) 1714] 27 
298 |877/ 939 LOO 1065/1 1L2SLIYI1255/1B1IDIB84 1449] 1515/158 1/1648] L715] = 28 
29 4878 | 941.}1003)1066)1129}1192/1256/1320|1385]1450/1516/1582/1649] 1716] 29 
30 1879 | 942 |1004/1067/1130}1193/125 7/182 1/1 8861145 1/151 7/1583/1650) 1717] 8 
31 1880 | 948 |L005|1068/1131]1 19-4]1258/1322/1887]1452/1518/1584/1651/ 1718] 31 
f $32 1882 | 944 |1006)1069]/113.]1 195/125) 1324/1388}1453/151911585/1652/ 1720} 32 
i 33 1883] 945 |1007/1070)1133]1196]1260/1325)1389]1455/1520/1586/1653/ 1721] 33 
1 34 | 884| 946 |1008/1071)1134]1198]1261/1326]1390]1456)1521/1588|1654| 1722] 34 
F351 885 | 947 11009/1072}1 135] 199] 1262/1327] 1892]1457/1522)1589]1656] 1723] 35 
f 36 | 886) 948 |1010/1073/1136]1200]1264/ 13828) 1393]1458/1524)1590/1657| 1724] 36 
H §637) [887/949 11011)1074]1137}1201)1265)1829)1394]1459]1525/15911165s) 1725] 37 
1 8638 1888] 950 |1012}1075]113-]1202) 1266) 1330/134511 460/1526]1592/1659) 1726} 38 
¢ 39 [889] 951 |1013)1076)1139]1203]1267 1331)1396}1461]1527)|1593)1660) 1727} 39 
4 40 {890 | 952 |1014/1077/114¢]1 204) L268 1332/1397]1462]1 5235/1594) 1661) L729] 40 
§ 6 41) S91 | 953 11015]107)1 141]1205] i 269,1333)1398]1463)1529)1595) 1662) 173 43 
42 $892 | 954 |1016)107911142]1206]1270 1834/1399]1464|1530/159611663| 1731} 42 
1 43 $893 | 955 {1018/1080]1 144]1207)1271/1335/1400]1465/1531/1598/1664/ 1732] 43 
4 644 1894] 956 |1019}1081/114511208}1272)1336)140 1]1467/1532|1599/1666) 1733] 44 
45} 895 | 957 |1020/ 108211 14611209] 1273) 13838) 140211468]1533/1600/1667) 1734] 45 
46 | 896 | 958 |1021/1084/1147]1210/1274/1339/1403}1469]1535/1601/1668, 1735| 46 
AY 1897 | 959 |1022)1085)}1148]121 1) 1275/1340)140511470)1536]1602/1669 1736 AT 
48 | 898 | 960 }1023/1086/1148]1212/1276 1341/1406]1471/1537/1603}1 670] 17 48 
49 1899 | 961 |1024}1087|1150]1213/1277/1842/1407}1472]1538/1604/1671 173 7 49 
50 1900] 962 |1025/1 0S88)1151]1215/1278|1343/1408]1473/1539/1605/1672| 1740] 50 
51 | 901 | 963 |1026}1 089}115211216)1280/1344]1409]1474/1540)1606)1673/ 1741] 51 
52 1 902 | 964 |1027/1090)1153]1217/1281/1345/141 011475} 1541/1608|1675] 1742] 52 
53 1903 | 965 {1028/1091}1154]1218)1282)1346/141111476|1542)1609)1676] 1743] 538 
54 1904 | 966 11629/1092)1 155]1219]1283/1347/141211477/1543/1610/1677/ 1744] 54 
55 | 905 | 968 11030/1093/1156}1 22011284) 1348/1413]479/1544/1611/1678! 1746] 55 
56 | 906 | 959 |1031/1094]1157]1221|1285)1349]1414|1480/1546/1612)1679) 1747 
57 4907 | 970 |1032/109511158]1222)1286]1350/1415]1481/1547/1613/1680| 1748 
58 |908| 971 }1033}1096]1159]1223/1287/1352)1416]1482/1548/1614/1681] 1749 
59 1909 | 972 }1034/1097|1 160}1224}1288)1353}1418}1483/1549|1615/1682} 1750 
M. }$14°{ 15°] 16°] 17° | 18°] 19° | 20° | 210 | 220 | age | 240 | 250 | 260] 270 : 


a TABLE. Il. 
MERIDIONAL PARTS. 


ML [28° [80° | BO] BI [82> 3°] B49 [ BH | 86> [87 | B99] 89] 409] ATP | 
1751/1819 1888}1958)2 2028}2100)2 17 1/2244/23818/2393)2468]2545)2623) 2702 
1752/1 821)1890 O53 2000 2801 Ol foe s0 atv oust ecco adiroee 2703 
ya BA ba beh aa eg eo Le oe 3951247 112545)2625| 2704 
1755/1823} 1892} 1962)20382)2 1 05/2175)2248)23822)23896/2472)2 549)2627 2706 | 
1756)1824)1893}1963/20383)21 04/2 176/2249)2323)2398/2473/ 2550/2628] 2707 | 
1757/1825] 1894)1964)2084)/21 05/2178) 2250)2824)2399/2475/255 1/2629} 2708 
1'758}1826]1895)1965)2035/2 1 07/2 1'79)2252)/2325/2400/2476/2553/263 1} 2710 
1759/1827/1896}1966)/2037!2108)2180)2253/232712401/2477/2554/2632} 2711 | 
1'760|1829) [898)1967/2038)2 109)2181)/2254) 23 28)2403/2478/2555)/2633} 2712 
1761/1830} 1899'1969)2039)21 10)/2182)2255/2329/24.04)2480)/2557/2634} 2714 
10 {1762/1831}1900}1970/2040121 1 1/2184/2257/2330]2405)/248 1 /2558)2636] 2715 
11 11764}1832)1901)197 1/204 1/21 13)2185)2258)2332)2406)/2482/2555)2637} 2716 
765] 1833] 1902)1972|2043)21 14/2186|2259) 2333/2408]/2484]2560/2638} 2718 
13 11'766}1834/1903]1973)2044)2 1 15/2187 /2260)283412409/2485/256 2/2640} 2719 
14 11767)1835)1905)1974/2045/21 16)2188)2261)/2335)2410/2486)2565'2641 | 2720 
1768|1837!1906/1976|2046)21 17/2 190'2263/2387/2411/2487/2564,2642| 2722 
1769!1838/1907|1977/2047|2119)219 1 /2264/233838)]2413/248912566/2644] 2723 
1770118391 908}1978}2048}21202192/2265:23 39}2414/2490 2567/2645} 2724. 
1772/1840) 1909}1979/2050)2121/2198/2266/2340!124 15/249 1 2568/2646] 2726 | 

Pa | 


a eel) 
Bm 02 We © 


OM oan 
> DBO 


— 
rs) 


1773} 1841/1910}1980)205 1)2122)2194/2268)2342/2416/2492)2569)2648| 

1774) 1842)1912)1981/2052)21 23/2 196/2269)2343) 24 18)2494/257 1/2640) 2728 
1775/1843) 1913/1983)/2053/2125)2197/2270/2344/241 9/2495) 2572/2650) 2729 
1776)1845}1914/1984/2054)2126)2198)/227 1/2345|2420)}2496)2573)265 || 2731 
1777|1846)19 1 5}1985/2056)21 27/2 1 99)2272)2346/2422)2498)2575/26535] 2732 
1778/1847) 1916)1986)2057/2128)/2200)2274/2348]2423/249912576)2654} 2733 


25 |1780}1848]1917|1987|2058|21 29} 2202/2275/2349|2424|2500)2577|2655] 2735 
26 1781/1849}1918)1 98812059/2131/2203/2276)2350)2425/250 1/2578)2657 | 2756 


1782}1850/1920} 1 990/2060}2 1 32)2204)2277/2351] [2427/2505 |2580/2658 
1783}1852/192 1/199 1/2061 /2183)2205/2279)/2353)2428/ 2504258 1/2659 
1784/1853/1922)1992)2063}2 134/2207/2280/2354/2429/2505/2582)2661| 2740 
1785|1854)1923/1993!2064|2135/2208)228 12355 /2430|2506 2584/2662] 2742 
1786}1855)1924/1994)2065/2137/2209)/2282/2356] 2432/25 08/2585 2665] 2 
1787|1856/1925)1995/2066)2138}22 1 0/2283/2358)}2483/2509/2586/2665} 2 
1789]1857|1927|/1997/2067/2139)22 1 1/2285)2359/2334)25 1 0/2588)2666] 2746 
L¥90)1858/1928}1998/2069)2 140/2213)/2286)2360/2335)2512)2589/2667/ 2747 | 
1791/1860)1929)1999/2070/2141 (22 142287/236112437/25 13/259 2660 2748 | 
1792}1861/1930}2000)207 1/2143)/22 1 5)2288/2363}2438)/25 14}2591;2670) 2750 
1793118621193 1 2001/207221449216.2290236412439 25 1525992671 2 
17941863) 1932)2002)2073)2145)22 17) 229 1/2365)/2440)25 1 7/2594/2675) 2 
1795}1864|1934/2004|2075|21 46/22 19)2292)236612442/25 18)2595/2674) 2 
17971865) 1935)2005/2076)2 147/2220/2293)/2368)2443)25 | 9/2597/2675 
1798} 1866) 1936)2006)2077/2149/222 1/2295/2369 2444/2521 2598/2676 


2737 


273 


J A SS 


1801}1870/1939)20 1 0/2080)2152/2225/2298)2373}2448)/2524/2602/2680 
1802)1871)1941/201 1/2082) 2153/2226)2299)2374/2449)/2526/2603)2682 
1803} 1872}1942/2012/2083}2155/2227/230 1/2375 245 1/2527|2604/268:; 
1805}1873}1943/2013/2084/2156/2228/2302/2376/2452)2528/2606/2684| « 
1806) 1875/1944 /2014/2085)/2157/2230/2303/2378/2453)/2530)/2607|2686 
1807/1876]1945/2015/2086)2158/2231/2304'2379|2454/253 1 |2608)2687 2707 
1808/1877|1946]2017/208s]2159}2232/2306/2380|2456)2532)261 0/2688 
1809)1878)1948/2018/2089/21 6 1|2233}2307/238 1(2457|2533)26 1 1/2690} 2770 
1810/1879/1949/20192090)21 62|2235)2808)2883)2458/2535/26 122601 2771 
1811/1880)1950)/2020/2091/2163)/2236/2309|2384|2 
IS13]1881 1951 2021 20922164 2297 2811 88852461 2587/2615 
1814}1883/1952/2022)2094)2 1 65/223s/23 ee pepe fed bdo 
1815/1884/1953/2024/2095)2 1 67/2239/2313/2888)2- 
1816[18851195512025|209621 68122411381412889)2464125411261 92698 2778 
terol aRerltanytonsroundoee onaceeteenn Geo ears eee 2779 


2694] 27 
099 ie 


362 | 37° | 88° | 39° | 40° 


TABLE III. 65 
MERIDIONAL PARTS. 
M. | 42° | 48° | 44° | 45°] 46° | 47° | 48° | 49° | 50° | 51°] 52° | 53° | 54°; 55° | M. 
2782)2863]2946/3030)3 1 16/3203/3292/3382)347413569|3665|3764/3865' 3968 
783] 864] 947) 031) 117| 204) 293] 384! 476] 570! 667) 765} 866} 970 
784| 866) 949] 033] 118} 206) 295] 385] 478] 572] 668) 767] 868| 971 
; | 950| 034] 120] 207) 296) 387) 479] 574) 670) 769! 870| 973 
787| 869] 951} 036] 121) 209} 298] 388) 481] 575!) 672] 770] 871] 975 
27881287 012953/303713 1231321 0/329913390/348213577/367313772/3873] 3977 
371] 954) O88] 124) 212) 301] 391 578] 675] '774| 875) 978 
56} 040} 126] 213) 8302) 393] 485] 580! 677) 775) 877} 980 
7| 214) 303) 394 582) 678] 777) 878] 982 
958) 043) 129} 216) 305) 396 583] 680] 779] 880) 984 
2795/2877|2960/3044|3130/321713306|3397|349013585/368 1/3780 3882] 3985 
7| 878) 961} 046} 131] 219} 808} 399} 492] 586) 683) 782) 883! 987 
798| 880] 963) 047} 133] 220] 309} 400} 493] 588] 685! 784] 885] 989 
99} § 590) 686) 785] 887} 991 
591} 688] 787} 889} 992 
3789/3890] 3994 
803] 885| 968} 053) 139] 226) 316] 407) 499] 594] 691) 790) 892] 996 
805} S86} 970} 054! 140} 228) ; 501] 596] 693] 792) 894} 998 
806} S88} 971} 055} 142} 229] 3 503) 598] 695] 794} 895] 999 
807} S89} 972) 057) 143] 231} 320) 411) 504] 599) 696) 795) 897| 4001 
2809/2891|2974/3058)3 144]3232)3322/3413/3506/3601/3698/3797/3899| 4003] 2 
810) 892) 975] 060] 146] 334} 323) 414) 507} 602) 699} 799) 901} 005 
811] 893] 976) 061] 147] 235) 825} 416} 509] 604] 701) 800) 902! 006 
813} 895} 978} 063} 149} 237] 826) 417] 510] 606) 703] 802) 904! 008 
814] 896) 9'79} 064! 150] 238] 828} 419] 512] 607] 704} 804) 906) 010 
2815/2897)298 1/3065)3 152|3240/3329/3420)35 1 4/3609]3706)380613907] 4012 
817] 899] 982! 067} 153] 241} 331! 422) 515] 610) 708} 807] 909] 014 
818) 900! 983} 068) 155] 242) 832) 423] 517) 612) 709) 809) 911) 015 
820} 902! 985! 070} 156} 244) 334) 425] 518] 614] 711) 811) 913) 017 
821] 903} 986] 071) 157] 245) 335) 427] 520] 615] 713} 812) 914) O19 
_[2822/29042988)3073'3 159) 3247|3337/34281352 1/36 17/3714/8814|3916} 4021 
906] 989) 074} 160] 248] 338] 430] 523) 618) 716) 816) 918) 022 
5| 907] 991) 075! 162] 250) 840) 431) 525] 620) 717| 817) 919) 024 
3} 992) 077} 163] 251] 341) 433] 526} 622) 719} 819) 921) 026 
910} 993] O78} 165 oe 343] 434] 528] 623] 721} 821} 923) 028 
55901901 1129059000; 3 166138254/3344'8.4361352913625/372213822/3925| 40291 35 
| 830} 913] 996) 081] 168 oe 346] 437| 531] 626) 724) 824) 926] 03% 
832] 914] 998] 083} 169] 257| 847] 489] 532) 628] 726] 826 92s] 033 
833) 915) 999] 084) 171] 259] 349} 440) 534] 630) 727| 827) 9380) 035 
834) 91713000} 085] 172] 260} 850] 442) 536] 631) 729) 829) 9382) 037 
2836/29 1813002/3087/3173/3262/3352/344313537/3633/373 1/383 1/3933) 4038 
837} 919) 003] O88} 175) 263] 353] 445} 539} 634] 732) 832| 935) 040 
839} 921] 005! 090] 176] 265) 855) 447] 540) 636] 734) 8384! 937) 042 
840] 922} 006] 091) 178! 266) 356) 448] 542) 638] 736] s86) 938) 044 
841) 924} 007) 093) 179} 268) 358) 450] 543} 639] 737] 838] 940) 045 


2843]2925/3009/309413181/3269/3359|345 1 /3545/364 1|3739|3839|3942| 4047 
844} 926] 010] 093! 182] 271] 361) 453] 547| 648] 741) 841] 944) 049 
012} 097] 184] 272] 362) 454] 548! 644} 742) 843) 945] 051 
847} 929] 013] 098] 185] 274] 364) 456] 550] 646] 744) 844) 947] 052 
848] 931! 014] 100) 187] 275! 365! 457] 551] 647] 746] 846] 949| 054 
2849/2932/3016)3101/3188)3277/3367|3459)3553)/3649)3747|3848 395 | 4056 
017] 103] 190} 278} 368] 460] 555} 651] 749} 849) 952} 058 
019} 104} 191! 280] 370) 462} 556} 652] 750) 851] 954] 060 
020} 105} 192] 281] 371] 464] 558] 654) 752} 853] 956] 061 
021] 107] 194] 288] 373] 465] 559] 655] 754} 854] 958] 063 
2856)2939|3023)31 0813 1 95 3284/3374 /3467/35611865713 755|3856/3959| 4065 
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242) 355) 472) 592) 716) 844 

244) 357| 474] 594) 718) 846) 978) 115} 2458) 406) 55% 
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4137/4247/436 1/4478)4598)4722/4850/4983)/5 120/55263)/541 1/5565 
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155|4266|4380|4497|4618]4743)487 2500515143 


499} 620) 745] 874) 008} 146 
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272| 386] 503] 625) 750! 879} 012) 151 
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279] 394] 511] 683] 758 
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M. | 70° | '71° | 72° | 739] 749 | 75° | 76° | 77° | '78°| 79° | 80° | 819 | 82°} 832 | M. 
0 [5966)6146/6335/6534/6746/6970/721017467 7745/8046|8375 87 3919145 9606 
969) 149} 338) 538) 749) 974) 214) 472) 749) 051} 881) 745 
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507 093) 427| 797] 211! 
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3] 256) 516) 798} 104) 439) 810} 225 
i| 260 303 9) 445) 817) 233 
004} 186) 377] 579) 793] 021} 264) 525] 8 451} 823] 240 
007| 189| 880] 583] 797} 025} 268} 530} 813 457| 830} 248 
6010|6.192)6384 6586/6380 1/7029/7273 7535|7817/8 125|8463)/8836 92? 
387) 590} 804) 033} 277) 539) 822) 131] 469) 843) 262 
390| 593] 808) 087] 281) 544} 827} 136) 474) 849} 2 
019} 201|- 394) 597) 812} 041] 285) 548] 832 480) 856) 277 
022} 205] 397) 600) 815] 045] 289] 553] 837] 147] 486) 863} 2 
60:25|6208)54.00) 5603/68 19}7048|7 294] 7557/7842)8 152184928809 )1292 
028] 211} 403) 607] 823) 052} 298) 562) 847) 158} 498) 876) 3 
031] 214) 407} 610] 826) 056) 302) 566) 852) 163) 504) 883) 307 
034] 217} 410} 614) 830} 060} 3806) 571] 857] 168) 510) 889) 315 
037] 220} 413] 617) 834] 064} 311) 576] 862) 174] 516] 896) 322 
6040/6223 /6417/6621/6838]7068/7315 7580) 7867/8 179/8522/89031933 
043] 226) 420) 624] 841] 072] 319) 585] 872) 183) 528) 909] 337 
045} 230} 423) 628) 845] 076] 323) 589| 877} 190] 534] 916) 3 
| 049} 233) 427] 631] 849] 080} 328) 594] 882] 196) 540) 923 
052] 236) 430] 635] 853} 084) 832) 599} 887) 201} 546] 930) 360 
30 (6055)5239/6433'6639|6856|7088|7336 7603/7892'8207 8552/3936 9363! 
31 | 058) 242} 437] 642] 860} 092) 341) 608} 897} 212) 558) 943) 376 
32 | 061) 245) 440) 646} 864} 096] 345) 612) 902] 218) 565) 950) 383 
33 | 064] 249) 443) 649] 868] 100] 349) 617] 907] 223] 571] 957] 391 
34 | 067| 252) 447] 653] 671) 104] 353) 622) 912) 229) 577) 963] 399 
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39 | 082} 268) 463) 670 375| 645| 937| 256] 607| 998} 438 
1 40 16085/6271|6467|/567416 7379/7650'7942/8262|86 1490059445 
jo) 274| 470) 677 32} 384] 654] 948} 267] 620] 012) 453 
42 277| 473) 681 36| 388) 659] 953] 273) 626] 018] 461 
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7| 432| 70818004) 3291 68s] OSs} 541 
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TABLE VII. 
MOON'S AUGMENTATION. 

D's SEMIDIAMETER BY THE NAUTICAL ALMANAC 
/ 4? / vi / ut 


Alt. |14.40 | 15.00 


TABLE V. 


DIP OF THE HORIZON, 


Uy ut / Mt | / ‘i 


15.20 |15.40 |16.00 |16.20 |16.40 
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DIP OF THE HORIZON—AT DIFFERENT DISTANCES FROM THE f ; 
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"0 TABLE IX. 
1 FOR CORRECTING THE OBSERVED ALTITUDE OF THE SUN’S LOWER LIMB, WHEN 
TAKEN BY A FORE OBSERVATION. 


HEIGHT OF THE. EYE ABOVE THE SEA IN FEET. 


i a fe | | a | Rf 


‘ e) / f H 
i 5 0 1.0} 0.8} 0.6} 0.5} 0.3} 
1 5 20 1.5] 1.3} 1.1}. 1.0] 0.8] 
1 5 40 2.0; 1.8] 1.6] 1.5] 1.39 
i 6 0 2.4} 2.2} 2.1) 1.9).1.7] 
| 6 20 2.8] 2.6] 2.5] 2.3] 2.0] 
| 6 40 3.2} 3.0] 2.8] 2.7] 2.3] 
ear 3.5} 3.8] 3.2] 3:0] 2.7] 
} 7 20 8.8] 3.6] 3.5) 3.3) 3.1] 
i 7 40 4.1] 3.9) 3.8] 3.6] 3.45 
is 0 4.4| 4.2) 4.0) 3.9] 3.79 
F 8 20 4.6 4.41 4.3) 4.1] 3.9] 
| 8 40 4.8| 4.7| 4.5] 4.3] 4.1 
19 0 5.1] 4.9) 4.7] 4.5) 4.4] 
i 9 20 5.3) 5.1) 4.9) 4.7) 4.6] 
; 9 40 5.4) 5.3] 5.1] 4.9) 4.7] 
5.6] 5.4] 5.8) 5.1) 4.9} 
; 5.9| 5.7] 5.5) 5.41 5.2 
6.1] 5.9] 5.7] 5.6] 5.4] 
: 6.3} 6.1} 5.9} 5.8) 5.6] 
1] 6. 6.5| 6.3} 6.2) 6.0] 5.8] 
Al 7.2 6.8| 6.6] 6.5) 6.3) 6.1] 
; T.7| 1.5 7.1} 6.9} 6.8} 6.6] 6.4 
8.0} 7.8 7.4, 7.2) 7.0; 6.9] 6.7] 
416 0 8.2) 8.0 7.6| '7.4| 7.2) 7.1) 6.9] 
A117 0 8.3} 8.2 "8 7.6} Tal 7.8) ae 
418 0 8.6] 8.4 8.0} 7.8] 7.6] 7.5] 7.3 
19 0 8.8} 8.5 8.1) 8.0) 7.8! 7.6) 7.4] 
420 0 8.9} 8.7 8.2} 8.1) 7.9} 7.7} 7.6] 
121 0 8.4, 8.2] 8.1) 7.9) 7.7} 
22 0 8.5] 8.3; 8.2) 8.0) 7.8] 
23 0 8.6, 8.4| 8.3) 8.1) 7.9] 
24 0 8.7] 8.5} 8.4} 8.2) 8.04 
125 0 8.8] 8.6 8.3| 8.1] 
426 0 8.9} 8.7 8.4] 8.2f 
127 0 8.3 
0 8.4] 
0 8.5 | 
0 8.6 
0 8.7 
0 8.8 | 
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10.2110.01 9.8] 9.71 9.5 


10.2) 10.0| 9.9) 9.7] 9.5 
10.2/10.1] 9.91 9.7} 9.5 
10.3} 10.1] 9.9} 9.8] 9.6 
5} 10.3} 10.1} 10.0} 9.8] 9.6] 
10.6] 10,4] 10.2] 10.0} 9.8} 9.7] 
10.6} 10.4} 10.2] 10.1} 9.9} 9.7] 
10.8) 10.6} 10.4) 10.2} 10.1] 9.9] 
10.9} 10.7] 10.5} 10.4] 10.2) 10.0 


Aue. | Sepr.| Ocr. | Nov. | Dec. } 


— 0/2} —0'.1) +071, +.0"2/+0'2| 


11.7] 11.4 
11.8) 116 
May, | Jung, | Juty, 
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Mar. 
+ (1 


_ JAN. Fes. 
+0’.3/+0'2 
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TABLE X, 71 
SUN’S DECLINATION FOR THE YEAR 1854 FOR APPARENT NOON AT GREENWICH. 


-| APRIL. 


JUNE. JULY. 


AUGUST. 


| | | SF | |S | | | | 


Oo LA re Oe Tl OO ee Le ior DCE aan er aes oO #0 filo Ff 4 
1 (23 18/17 6S| 7 35S) 4 32Ni15 4Nj22 3Ni23 &8Ni18 4Ni 8 19N] 3 1085/14 268/21 49S 
2 |22 56 116 49 | 7 12 | 4 55 |15 22 11/23 4 |17 48 | 7 57 | 3 33114 45 |21 58 
3 |22 50:/16 31 | 6 49 | 5 18 |15 22 19 122 59 117: 33 1:7 35 | 8 56/18 A 22 7 
4 |22 44 116 13 | 6 26 | 5 41 |15 22 26 |22 54 |17 17 | 7 13 | 4 20 |15 23 |22 15 
5 22 38:15 55 |.6 3:).6 4 (16 22 33 (22 49 117 1) 6 51 | 4 48-|15 41 /22 23 
6 (22 30 |15 37 | 5 40 | 6 26 {16 22 40 |22 43 116 45 | 6 29 | 5 6 115 59 /22 31 
7 |22 23 115 18 | 5 17 | 6 49 |16 22 46 |\22 37 16 28 | 6 65 29 116 17 |22 38 
8 122 15 [14 59 |.4 53 | 7 11 |17 22 51 |22 30 j16 11 | 5 441.5 52 116 35 (22. 44 
9 (22 7 114 40} 4 30|7 34 |17 22 56 |22 24 115 54 | 5 211 6 15,116 52 |22 50 

4 7 56 4 6 
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SUN’S DECLINATION FOR THE YEAR 1855. 


MARCH.| APRIL. MAY. JUNE. JULY. AUG. SEPT. OcT. 


Os etodles, AS Oy att ao Wik TEAIO. FS l\Oaeea tO) 112 HO. wet COE 


1 |23 28/17 118) 7 41S} 4 25Nj14 59N/22 1N\23 ONjI18 8N) 8 25N| 3 35/14 218/21 478 F 
Z |22 57 |16 53 | 7 19 | 4 49 115.17 (22 9 23 5 /|17 53 |8 3/3 27 114 40 121 56 4% 
3 |22 52 116 36 | 6 56! 5 12 |15 35 22 17 |22 1/17 37 | 7 42] 3 50 |14 59 22 5 
4 |22 46 116 18 | 6 33 | 5 35 |15 52 |22 24 /22 56 [17 21 | 7 19 | 4 13 /15 17 |22 13 § 
5, 122 39 116 O} 6 10 | 5 57 |16 10 |22 31 |22 50 117 516 57 | 4 36 115 36 22 21 
6 |22 32 115 42 | 5 46] 6 20 |16 27 |22 38 |22 45 |16 49 | 6 35 | 4 59 115 54 \22 29 | 
7 5 23 | 6 43 |16 44 |22 44 |22 39 |16 33 | 6 13 | 5 23 116.12 [22 36 
8 5 017 5S |]17 O |22 50 22 32 |16 16 | 5 50} 5 46 16 30 |22 42 
9 4 36 | 7 28 |17 16 |22 55 |22 25 |15 59 [°5 27 | 6 8 |16 46 |22 49 
413 | 7 50 |17 32 |23 O |22 18 115 41 |}5 8 | 6 31 |17. 4 j22 54 
4 8 12 |17 48 (23 4 |22 10 115 24 | 4 42 | 6 54/17 21 123 O f 
2 8 34 18 3 (23 9 22 2 115 6)4 19] 7 17 17 38 123 4 


9 18 |18 33 |23 16 |21 45 114 30 | 3 33 | 8 2 {18 10 |23 13 
9 39 |18 47 |23 19 |21 36 ji4 11 | 3 10] 8 24 |18 25 |23 16 
10.1 |19 2 |23 21 21 27 |13 52 | 2 

8 110 22 19 15 |23 23 |21 17 |13 33 | 2 
A ji0 43 |19 29 23 25 |21 7 13 14 | 2 
1 

| 


9 
6 F 
2| 8 56 |18 18 |23 12 |21 54 |14 48 | 3 56] 7 39 [17 54 [23 9 | 
9 ¥ 
5 
1 


7 | 8 46 {18 41 |23 19 
4/9 8 |18 56 |23 22. § 
1} 9 30 |19 10 |23 24 
vf 
4 


me rR} bo bo CO WH WH 


0 40 j11 4 119 42 |23 26 |20 56 112 55 9 52 |19 24 |23 25 
0 175/11 24 119 55 |23 27 |20 45 |12 35 10 14 |19 38 |23 27 


0 7N\11 45 \20 7 |23 27 |20 34 /i2 15 | 0 51 |10 35 |19 52 [23 28 | 
O 31 112 5 |20 19 |23 27 \20 22 11 55 | 0.27 |11 57 |20 5 |23 27 
0 54/12 25 |20 31 |23 27 |20 10 j11 35 | 0 4AN/11 18 |20 18 |23 27 
1 18 |12 45 |20 43 |23 26 |19 58 {11 14 | 0 208/11 39 |20 30 |23 26 
1 42 113 5 |20 54 |23 25 |19 45 110 54] 0 43 |12 O [20 42 23 25 


2 5 113 25 |21 4 /23 23 |19 32 110 33 | 1 6 }12 21 }20 54 |23 23 
29 |13 44 121 15 |23 21 }19 19 }10 12 | 1 30 [12 41 |21 5 [23 21 
52 114 3 |21 25 123 19 119 5 |9 51/1 53 {13 1 /21 16 /23 19 

3.16 /14 22 |21 34 |23 16 |18 51} 9 30 | 217 |13 22 |21 27 |23 16" 

3 39 (14 40 |21 44 |23 13 18 37 | 9 91] 2 40 }13 41 [21 37 123 12 


——_ —————EE ————q— | qx ie — (me -_ \——— 
———— | 


4 2 21 52 18 23 | 8 47 1 ae | 23 8 


This Table will answer very nearly for every four years afterwards, but if ane accuracy is required, a correction must be } 
taken from Table XII ; 
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SUN'S DECLINATION FOR THE YEAR 1856 FOR APPARENT NOON AT GREENWICH. 


DAYS. JAN. . | MARCH.) APRIL. MAY. JUNE. JULY. |AUGUST.| SEPT. 


——————EE eae 
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This Table will answer very nearly for every four years afterwards, but if greater accuracy is required, a correction must be 
taken from Table XII. 


73 
Bere TABLE XI. 
CORRECTION OF THE SUN’S DECLINATION AT SEA FOR LONGITUDE AND FOR TIME. 
v6 |: DECLINATION. TIME 
ee j FROM 
P| i fo) ° ° ° ° ° ° . 
: | Ln 20 | 21 aA oa age AS NOON. F 
ro / / ie , | , | / | / / |, } j / / ’ } t / / / | H. M. 
0] O- | O:.| Or |'O° | OF | O° | O [O° (O° jO j0- jO* jO* jO* jO* JO jO* jO* iO | O° OF 
10; 0°7; 0°7| 0°7; 0°6 0-6 0-6) 0-610-510-50-5)0-4.0-4/0-3 0°3 0-310-2/0-2|0-2l0-1 0°40 
 20/.1°3 ad 1°3| 1°3] 1-2) 1-2) 1°1)1-0)1-0/0-9,0-9 0°8)0-7,0-6/0-6/0°5)0-4,0-3)0°2) 1°205 
| 30} 2-0] 2-0] 1-9] 1°0 1-8! 1°8 1°7/16)1-5)1.411-3|1-2|1-00-910°8 0-7 0-610-4/0-3| 2: 0 
| 40) 2°6 ane 2-6) 2°5| 2-5) 2-4] 2-3/2-1/2-0j1-8)1-7)1-6)1-4)1°2)1-0/0°910°8/0-50°4) 2°40 
f 50}; 3*3) 3°3| 3-3] 3-2) 3:1) 3-0 9+8|2-712-412-312-1/2-0l1-7/1-5\1-3/1-111-010-6\0-4| 3°20, 
GO| 3-9| 3-9] 3-9] 3-8] 3°7] 3-6) 3-4/3-2/2-9/2-812-6/2-4/2-1/1-8/1-6/1-4]1-2/0-°8|0.5| 4. 0 
4 70} 4°6; 4°6| 4°5| 4°5| 4-3] 4:2) 4-013-7|3-4]3-2/3-0/2°812-4/9-1/1°8]1°6|1-4|0°9]0.6| 4.40 
80! 5°2) 5°2) 5:1) 5°1| 5°0) 4°8] 4°5/4-213°913-°7/3.4'3°2/2°8/2°4/2°1 1-9/1+6/1-0/0.7 5.20 
a0 5-9} 5°91 5°8| 5°7| 5°6] 5:4 5-1/4-8/4- 4/4 1/3-9 3°6|3°2/2°7 re ey 6. 0 
1100] 6°51 6°5| 6-4) 6-3] 6-2] 6-0] 5*7/5°3/4-814-6/4-3/3°9/3-613-0|2+7/2-3/2-0|1°310.9 6.40} 
10) 7-2] 7-2] 7-1) 7-0] 6-8) 6°6| 6-3/5-9/5:3/5-0|4-8/4-3/3-9/3-3/3-0/2-5/2-2/1- 40-9] 7-20 
1 120) 7:8] 7:8) 7°7| 7:6] 7-4] 7°2| 6°8/6-4|5-815-515-2/4-7/4-3/3-6|3-2/2-8/2°4]1°5]1°0| 8° O 
1130) 8:5] 8°5| 8:4! 8°3] 8:0] 7°8| 7°4/7°0/6°2'5-9|5°6 5-1|4-6)3-9|3-5/3-0|2-6/1-6)1 1} 8:40 
P 140} 9-1) 9-4) 9-0} 8-9] 8-7 8-3) 8-0/7-5/6+7/6-4/6-0)5-5/5:0/4-2)3,8/3-3/2-8)1-8]1-2) 9°20 | 
150] 9-8] 9°8] 9°7| 9-5] 9-3] 9-0) 8-5|8°017-2|6°816°5/5°915°3 4-4/4" 113°5/3-0l1-911 3/10 0 
160/107 5|10-4/10-3/10-2/ 9-9) 9.6) 9.1]8-6)7-7/7-3/6-9/6-3)5-7]4-7|4-4/3-7/3-2)2-0]1-4/10- 40 
P17O/41+1|11-1/11-0)10-8)10-5|10.2) 9.7\9-1/8-2)7-8/7+4]6-7/6-0/51/4-G/4-013- 4/2 2)1-5]11-20 
180|11°8]11°7|11-6)11°4)11-1/10.8|10.3]9°6|8°8]8-3'7-°9|7°2/6°4|5-5/4°9[4°313-6/2°3/1-6112° OF 
f IN WEST LONGITUDE. IN EAST LONGITUDE. ‘ 
) . . § Increasing, Add. A Pie Increasing, Subtract. 
When the Declina. is (oe Maeil Se aaa When the Declina. is LDaeoee Aaa 
TIME BEFORE NOON. TIME AFTERNOON. 
. .  § Increasing, Subtract. Me Increasing, Add. 
: When the Declina. is rena) ‘Aad When the Declina. is Leiria Subtract 
TABLE XIL 
CORRECTION OF THE SUN’S DECLINATION IN TABLE X., AFTER THE YEARS 
FOLLOWING 1854. 1855 1856, AND 1857. 
H 1854 |1858]1862)1866{1870| 1874/1878 1854 |1858]1862]1866]1870[ 1874] 1878 § 
4 §61855 |1859| 1863] 1867] 1871] 1875 | 1879 1855 | 1859|1863] 1867] 1871] 1875 | 1879 
1856 | 1860] 1864|1868|1872| 1876] 1880 1856 | 1860/1864] 1868/1872| 1876 | 1880 
} 1857 | 1861|1865]1869| 1873 | 1877 | 1881 1857 | 1861] 1865| 1869 | 1873|1877] 1881 
| sus. | sua. | sus. | sus. | sus. | suB suB. | suB. | suB. | sUB. | sUB. | SUB. 
f / t , ! / t t t , ! / ! 
1 January 1| 0.1 | 0-3} 0°41 0:6 | 0-7 | 0-9 ||June 30] 0-1 | 0-3 | 0-4 | 0-6 | 0-7 | 0-8 
10] 0.2 | 0.5 | 0-8 | 1:0] 1°3 | 1°6 |\Juty 10) 0°2 | 0-5] 0°8] 1:0] 1°3 | 1°6 
: 99, 0.4] 0-7 | 1:1] 1°41] 1°8 | 2-2 20, 0:4 | O-7 | 1:1] 1:4] 1°8 | 2-2 
301 0.5 | 1:0 | 1°5 | 2-0 | 2°5 | 3-0 30] 0°5 | 1:0 | 1°5 | 2°0 | 2°5 | 3-0 
| Fes’ry 10] 0°6 | 1-1 | 1°6 | 2-2 | 2°8 | 3-4 ||Avausr 10] 0°5 | 1:1] 1-7 | 2°3 | 2°8 | 3-4 
j 20/ 0°6 |} 1°2 | 1°9 | 2°5 | 3:1 | 3-7 20/ 0°6 | 1°3 | 1°9 | 2°5 | 3:2 | 3-9 
98, 0'7 | 1°3 | 2°0 | 2:6 | 3°3 | 4-0 * 30] 0:7 | 1:4 | 2-0 | 2-7 | 3-4] 4-1 
i Marcu 10| 0°7.| 1°4 | 2-1 | 2-8 | 3°5 [4-2 |iSepr. 10) 0°7 | 1-4] 2-1 | 2-8 | 3-5 | 4-2 
| 20| 0°7 | 1°4 | 2°1 | 2°8 | 3°6 | 4:3 20/ 07 | 1°4 | 2:1 | 2°9 | 3:6 | 4°3 
ADD ADD, | ADD. | ADD. | ADD. | ADD. ADD ADD. | ADD. | ADD. ; ADD. ADD. 
30] 0°7 | 1°4 | 2:1 | 2-8 | 3°5 | 4:2 30/ 0:7 | 1°4 | 2°41 | 2°8 | 3°5 | 4-2 
h Apri 10} 0°7 | 1°41] 2+1 |] 2°7 | 3°41] 4-1 |]Oct. 10] 0°7 | 1°4] 2:0 | 2°7 | 3°414.4-1 
200° 6.) TSO 95 | 3°2 |. 3°9 20| 0°6,| 1°3 |:1°9 | 2°5 | 3°21 3-9 
30}.0°6)) 1°12 F-1eF4. O38 | 2°8 | 3-4 30) 0-5 | 1°1-] 1°6 | 2°2 | 2-8 | 3-4 
May  10| 0°5/ 0-9] 1°5 | 2-0 | 2-5 | 3-0 |INov. 10).0°5 | 1-0] 1:4] 1-9 | 2-4 | 2-8 
20| 0°41 0-8 | 1-2] 1°6] 1°9 {| 2°3 20) @4/0°8| 1:2] 1°5 | 2-0 | 2-5 
30] 0°3 | 0-5 | 0-8 | 1-0 | 1-4] 1°7 30| 0°21 0:5 | 0-7 | 1-0 | 1°3 | 1-6 
June 10} 0-2} 0°3 | 0°4 | 0°5 | 0:7 | 0°9 ||Dec. 10] 0-2 | 0:3 | 0:4 | 0°6 | 0-7 | 0°8 
201 0-0 | 0:0 | 0:1 | 0-1 | 0-1 | 0-1 20| 00 | 0:0 | 0-1 | O71 | 0-2 | 0°3 
SUB. | SUB. | SUB, | SUB SUB. | SUB. SUB. | SUB. | SUB. | SUB. |.SUB. SUB. 
' 301 0-1 | 0°3 | 0:4 | 0°6 | 0-7 | 0°8 30! 0°1 | 0°3 | 0°41 0°61 0-7 | 0:9 


To apply the Correction in Table XII Reduce the proposed year by Subtracting any number of Fours until it corresponds j 


to one of the years for which the Declination is given in 


Table X., and take out the Declination for that year against the day § 


of the month, and take out the Correction from Table XII., found opposite the same day of the month, and under the pro- 
posed year, which is expressed in minutes and tenths; if the tenths are more than 5 increase the minutes by I, but if less, 
throw them away. This, applied as directed in the above Table, (add or subtract) to or from the Declination taken from 
Table X., will give the correct Declination for the proposed year until the year 1881, 
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20.10) 22.14 


20 

21 20.14) 22.18 
22 20.18) 22.22 
23 20.22) 22.296 
o4 20.26) 22.30 
25 20.31; 22.33 
26 20.35) 22.37 
oF 20.39) 22.41 
28 20.43) 22.45 
v 20.47 

30 20.51 

34 20.55 
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11.38]13.54| 7.: 


12.39/13.20] 6. 8 
12.52/13.10| 5.50 

4li3. O} 5. 
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4.36 


32 
13 
55 


1 18.47 20. 59 22.49 

2 18.52) 21. 3) 22.52) 0.46 
3 18.56) 21. 8} 22.56) 0.49 
+ 19. 0} 21.12) 23. 0} 0.53 
5 19. 5| 21.16 23.3) 0.57 
6 19. ¥9| 21.20) 23. 7| 1. 0 
7 19.13) 21.24) 23.11) 1. 4 
8 19.18) 21.28) 23.15) 1. 8 
M 19.22) 21.32) 23.18) 1.11 
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0. 6| 1.59 
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0.38 


H. M| 4H. M. 
2.33) 4.36 
2.37| 4.40 
2.41] 4.44 
2.45) 4.48 
2.49) 4.52 
2.53) 4.57 
2.56) 5. 1 
3. O| 5. 5 
3. 4, 5. 9 
5. 
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55) 7.58] 9. 

59} 8. 2) 10. 1} 11.53) 13.43 
3) 8.6) 10. 3) 17 67] 23.47 
7| 8.10) 10. 8) 12. O|-13.51 

11} 8.14, 10.12) 12. 4) 13.55 

15, 8.18 10.16) 12. 8) 13.58 

20| 8.22) 10.19) 12.11] 14. 2 

24) 8.26 10.23] 12.15) 14. 6 

28} 8.30 10.27) 12.18) 14.10 

32} 8.33 10.30) 12.22) 14.14 

36, 8.37 10.34] 12.26) 14.18 

8.41 10.35 


NEARLY FOR 1858, 1862, AND 1866. 


APRIL. 


aoe 


| MAY. JUNE. JULY. | AuG. | SEPT. | ocT. | NOV. SRCENEE. 9 
SUB. ADD | ADD | SUB. | SUB. | SUB ‘ 
ae M. M. S.|M. S.|M. S.|M. S.|M. S.|M. Ss. M. Ss. 
3. 1/suB.| 2.32] 3.26] 6. 31.0. 5110.17|16.16| sup. |10.47 | 
3.9 9.23] 3.38] 6. 0] 0.24/10.36/16.18 10.25 
3.16 2.13} 3.49) 5.55) 0.43/10. 54/16.18 10. 1 &§ 
3.22 2. 4} 4.00} 5.50] 1. 2/11. 98/16.17 9.37. 
3.28 1.53] 4.11] 5.45} 1.22/11.31/16.16 9.12 
3.33 1.43) 4.21) 5.38] 1.42111.49/16.14 8.47 
3.37 1.32) 4.31) 5.32] 2. 202. 616.11 8.22 § 
3.42 1.21] 4.40] 5.24) 2.23112.23]16. 7 7.55 | 
3.45 1.10} 4.50} 5.16] 2.43]12.39116. 2 7.29 
3448] | 0.58) 4.58) 5. 8] 3. 4/12.55)15.57 1 Se 
| 3.51 0.46 5. 7| 4.59| 3.25113.11/15.50| | 6.34 
3.52 0.34) 5.14] 4.49] 3.45/13. 26)15.43 6. 64 
3.54 0.22] 5.22) 4.39] 4. 6113.40115.35 5.38 
3.54 0.10} 5.29] 4.28] 4.27|13.54115.25 5. 9 
3.54app.| 0. 3] 5.35) 4.17] 4.50/14. 8115.16 4.40 | 
3.53 0.16] 5.41) 4. 5| 5.10/14.21115. 5 4.114 
3.51 0.28] 5.47| 3.53) 5.31114.33114.53 3.41 f 
3.49 0.41) 5.52) 3.40] 5.52114.44114.41 3.11 
3.46 0.54| 5.56] 3.27] 6.13]14.55/14.27 2.42 
3.43 1. 7| 6. 0} 3.13] 6.34/15 6|14.13 2.12 
3 39 1.20! 6. 4| 2.59| 6.55115.15/13-58 1.42 
3.34 1.34] 6. 7| 2.44] 7.16/15.25]13.42 1.12 
3.29 1.47] 6. 9} 2.29] 7.36/15.33]13.26 0.41 
3.24 2. 0} 6.11] 2.14! 7.57/15.41/13. 9 0.11 
3.18) | 2.12} 6.12) 1.58) 8. 18|15.48)12.51|aDD. | 0.19 
“3.11; —~*| 2.25] 6.12] 1.41] 8.38]15.54(12.32 0.49 
3. 4 2.38! 6.12} 1.25] 8.5816. 0112.12 1.18 
9.57 2.50} 6.12) 1. 8 9.18/16. 4111.52 1.48 
2.49 3. 3) 6.11] 0.50] 9.38/16. 9]11.31 9.17 
2.41) | 3.15) 6. 9) 0.32) 9.57/16.12]11.10 2.46 
6. 6] 0.14 16.15 3.15 


ey ee) ee oi end 
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‘Vie Right Ascension given in this Table is for the year 1854, and will answer approximately for several years afterwards, but 
where accuracy is required, it must be tuken from the Nautical Almanac. 


TABLE XIV. 
EQUATION OF TIME FOR APPARENT NOON AT GREENWICH, FOR THE YEAR 1854, AND WILL ANSWER] 


—_————| — | | | | | | | | |] = 


rae aa 


TABLE XIV. 73: * 
EQUATION OF TIME FOR APPARENT NOON AT GREENWICH, FOR THE YEQR 1855, AND WILL ANSWER 
NEARLY FOR 1859, 1863, AND 1867. 


DAYS. JAN. FEB. | MAR. APRIL. MAY. JULY. | AUG. | SEPT. | OCT. 
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ADD } ADD P SUB. 
M. s.iM. 8.[M. 8. 
3.44/13 .52)12.40} app. 
4.12114. 0/12.28 
4.40)14. 7112.15 
5. 814.13]/12. 2 
5.35)14.18)11.49) 


6. 2|14.23]11.35 
6.28)14.26)11.21 
6.54/14.29)11. 6 
7.20/14.31/10.51 
Cue 44)14.32)10.36 


nm 


-19|10. 31/16. 
-38)10.49)16. 
-O7j11. 8/16. 
~17/11. 26/16. 


1.37|11.4416.14| 
STIL. 116.11 
.18|16. 
.35|16. 
BAILS. 
3. 615. 
21/15. 
.36|15.: 
SOS. 
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ADD. 5 : , . | SUB. | SUB. ; 
M. S.|M. S.|M. S. i .|M. 3 3 .|M. .M. .|M. S.|M. S.|M. Ss. M. Ss. § 
3°36|13°50|12°31]app. 2°28] 3°31 -14/10°25]16°16| sus. 10°36 § 
4: 4/13°58/12-19 . . 2°19] 3°42 *33/10°44/16°17 30°13 | 
4°33]14° 5/12° 6 -16) 3° 2° 91 3°53 *52/11° 3116°17 9°49 | 
5+ 0)14°11/11°53 1°59] 4° 4 


*12)11°21/16°16 9:24 | 
5° 28)14°17)11°39 1°49) 4°15 *31/11°38)16°14) | 8°59 
* 55/14 °Q9)11° 


*51)11°56)16°11 “8°34 | 
°21/14°26)11° °11/12°13)16° 8 
5° A7/14°29/10° *32)12°30)16° 4 
°13)14°31/10: *52/12°46/15° 58 
*38)14°33/10° 8° 13)13° 2}15° ay. Bi 
* 2)14°33)10° 


13°17|15" 

°26)14°33) 9: 13°32/15° 

°49)14°32) 9: "46/15" 
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11°12)14° 5) 7°32 
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74* ° TABLE XIV. 


EQUATION OF TIME FOR APPARENT NOON AT GREENWICH, FOR THE YEAR 1857, AND WILL ANSWER 
NEARLY FOR 1861, 1865, AND 1869. 


DAYS. | JAN. | FEB. | MAR. APRIL. MAY. JUNE. JuLy.| auc. | sept.| oct. | Nov. | DECEMBER. 


ADD ADD ADD 


SUB. ADD ADD SUB. SUB. SUB. 
M. S.|M. S.|M. Ss. M. S.|M. s. M. S.|M. S.|M. S.|M. S.|M. S.)M. Ss. M. s. 
1 | 3.58/13.56/12.35]app.| 3.56] 3. 3/suB.] 2.31] 3.27] 6. 1] 0.10|J0.21|16.16| sus. |10.41 
2 | 4.26/14. 412.22 3.38| 3.11 2.22) 3.39] 5.57] 0.29/10.39/16.17 10.18 
3 | 4.54]14.10/12.10 3.20| 3.17 2.13} 3.50] 5.52) 0.48|10.58/16.17 9.54 
4 | 5.21/14.16/11.56 3. 2| 3.24 2. 3) 4. 1] 5.47] 1. 7/11-16|16.16 9.30 
5 | 5.48|14.20/11.43 2.44} 3.29] | 1.53] 4.11] 5.42] 1.27|/11.34/16.14 9. 5 
6 | 6.15/14. 24]11.28 2.26 3.35 1.42) 4.21] 5.35] 1.47/11.52)16.12 8.40 
7 | 6.41/14.27|11.14 2. 9| 3.39 1.31] 4.31] 5.28] 2. 7/12. 9/16. 8 8.14 
8 | 7. 6/14.30/10.59 1.52) 3.43 1.20] 4.40] 5.21] 2.28]12.26)16. 4 7.48 
9 | 7.31/14.31]10.43 1.35] 3.47 1. 9| 4.49] 5.13} 2.48]12.42]/15.59 7.21 
10 | 7.55|14.32]10.28 1.18] 3.50] © | 0.57) 4.58] 5. 4) 3. 9/12.58|15.53 6.53 
11 | 8.19/14.32]10.12 1. 2| 3.52 0.45] 5. 6| 4.55) 3.29/13.13/15.47 6.26 
12 | 8.42/14.31] 9.55 0.46) 3.54 0.33] 5.14] 4.46] 3.50|13.28115.39 5.58 
13 | 9. 5/14.30] 9.39 0.30) 3.55 0.21} 5.29) 4.35] 4.11]13.49/15.31 5.29 
14 | 9.27/14.28] 9.22 0.15] 3.55 0. 8| 5.28) 4.25] 4.32]/13.56/15.21 5. 0 
15 | 9.48/14.25] 9. 5 0. 1| 3.55/apv.| 0. 4) 5.35] 4.13) 4.53/14. 9115.11 4.31 
16 |10. 9/14.21] 8.47 0.15] 3.54 0.17| 5.41] 4. 21 5.14/14.29)15. 0 4. 2 
17 |10.29]14.17] 8.30 0.30] 3.53 0.30| 5.46] 3.49) 5.35]/14.34/14.48 3.32 
18 |10.48]/14.12) 8.12 0.43) 3.51 0.43] 5.51] 3.37| 5.56|14.45|14.35 4/00 
19 |11. 6/14. 6] 7.54 0.57| 3.49 0.56| 5.56] 3.23| 6.17/14. 56/14, 22 2.33 
20 |11.24/14. 0] 7.36 1.10) 3.46 1. 9| 6. 0] 3.10} 6.38/15. GI14. 8 2. 3 
21 |11.41/13.53| 7.18 1.23] 3 42 1.22) 6. 3| 2.55) 6.59\15.1613.53 1.33 
22 |11.58|13.45| 7. 0 1.35] 3.38 1.35] 6. 6| 2.41] 7.20|15.25/13.37 Lea 
23 |12.13/13.37| 6.42 1.47| 3.34 1.48] 6. 8] 2.25] 7.40/15.33/13.20 0.33 
24 |12.28/13.28) 6.23 1.58) 3.29 2. 1] 6.10] 2.10] 8. 1115.41]13. 3 0. 3 
25 |12.49/13.18] 6. 2. 9} 3.23 2.14) 6.11/ 1.54] 8.21|15.48|12.45|aDv. | 0.27 
26 |12.55|13. 8| 5.46 2.19) 3.17 2.27| 6.11] 1.37| 8.42|15.54|12.26 0.57 
27 |13. 712.58] 5.2 2.29] 3.10 2.39 6.11] 1.20] 9. 215. 59|12. 6 1.26 
28 |13.19/12.46] 5.10 A Te ls 2.52] 6.10] 1. 3] 9.22|16. 4]11.46 1.56 
29 |13.29 4.51 2.47| 2.56 3. 41 6. 9] 0.45] 9.42/16. 8]11.25 2.25 
30 {13.39 4.33 2.55) 2.48 3.16] 6. 7| 0.27/10. 1/16.11]11. 3 2.54 
31 113.48 4.14 2.40 Bo aamee 16.14 3.23 


TABLE FOR CORRECTING THE EQUATION OF TIME TAKEN FROM THE ABOVE TABLE FOR 
LONGITUDE AND FOR TIME. 


DAILY CHANGR OF THE EQUATION. 


s. Ss. s. s. Ss. s s. 


18 | 20 | 22 


oe ee ee ee ee ee ee ee eee 


oS 
So 
pag 
On 
con 
— 
j=) 
—_ 
bo 
— 
= 
— 
[op] 
Lo 
a 


02 0 08 OF O40 FO ALO | ON EO AR Os Rete Ota men emer aes 
Bo Be Th Bld 2B CPs Sy eee | Bae | Te gine» Ban bh ae ae Tae en 
10 O | 0°1) 0:1) 0:2) 0-2) 0-3] 0°3) 0:4) 0:4) 0-5) 0-6) 0-6) 0-7) 0-7) 0-8) Ors} O. 
20 0 0°14) 0°2)°0° 3) 0° 41 O< G0° 70+ 8) 0°39) Te OF 1° 1) 192) Posh tear dol der 
30 0 0°:2)50°3)-045) 0° HAO Bir be OF-L Bel Sale 5) Dee) Ts S20 22 Sere epee 
40 0 0°2) O°4)0°7) O° 9 1+ died 3} 1°6) 01-3) 20} 2°2) Q-4) 297) Bol 3.1) B- ap 1a 
50 0 | 0°3} 0°6)-0°8).1°1) 1<aaet*7) 1°9) 2-2) 2-5) 2°8) 3°11) 3°3) 3*6) 3°9) 4°2) Bs 
60 0 0°38) .0°7).1°0) 1°3) Lege) 2°83) Bs 73°09). 3°3) 3-7) 4°50) 2-3) ALT eG) ads 
70 | 0 | 0-4) 0*8| 1-2]:1-6) 1-9) 2°83] 2+7| 3-1) 3*5| 3-9) 4-3) 4-7) So 1) 524) 75-8) Sa-ape, 
80 | 0 | 0-4] 0-9] 1°3] 1°8| g-2] 2-7] 3°31] 3-6 4 0) 4-4] 4-9] 5-3] 5-8] 6-21 6-7] 5-20 
90 | 0 | 0-5] 1-0] 1°5] 2-0] g-5 3-0] 3°5| 4-0} 4-5] 5-0] 5-5] 6-0} 6-5] 7-0] 7-4} 6: O 
100 O | 0°6] 1°1| 1°7] 2°2) 2-8 3°3) 3°9) 4*4) 5-0) 5°6) Gl] 6° 7) 7-2) 7°8 8-3). 6-40 
110 O | 0:6 1°2) 1°8) 2°4) 3-1) 3*7| 4°3) 4-9) 5°5) 6-1) 6° 7) 7°3).7°9) 8-6) 9-2) 7°20 
120 | 0 | 0-7| 1:3] 2-0] 2-7] 3-3] 4-0] 4-7] 5-3] 6-0) 6-7] 7-3] 8-0! 8-7] 9.3]10-0} 8-0 | 
130 0 O-7| 1°4| 2-2) 2-9] 3-6] 4°3] 5°1) 5-8] 65) 7-2] 7-9} 8°7| 9°4110°1/10-8| 8-40 
140 0 0°8) 1°6) 2-3) 3°1) 3:9) 4°7| 5-4) 6°22) 7°0) 7-8) 8-6) 9°3/10°1/10°9111°7) 9°20 
150 0 0°8 1°7) 2-5) 3°3] 4°22) 5°0) 5°8) 6° 7| 7°5) 8-3] 9-2/10°0/10°8/11°7/12°5) 10° O 
160 0 0°9) 1°8) 2°7| 3°6) 4-4) 5:3) 6-2) 7-1) 8-0) 8:9) 9°8)10°7/11°6)12-4,13°3) 10°40 
170 0 0°9) 1-9) 2-8 3°8) 4-7] 5°7| 6-6) 7°6} 8-5) 9° 4/10.4)11°3]/12°3)13-2/14-2) 11°20 
180 0 1°0) 2:0) 3:0} 4°0) 5-0} 6°0) 7:0! 8-0} 9°0/10°0)11-°0)12°0)13°0)14°0)15-0} 12° 0 
IN WEST LONGITUDE. IN EAST LONGITUDE. 
. Increasing, Add. ‘ Increasing, Subtract. 
When the Equa. is Eel Sm When the Equa. is ‘Denes ‘Add. 
TIME BEFORE NOON. TIME AFTERNOON. 
-_ § Increasing, Subtract. : Increasing, Add. 
‘When the Equa. is ST ceda eines Add. po hen be Ear $ Dadra, Subtract. 


m= | Minutes. 


TABLE XV.—Parr First. 


LOGARITHM OF THE SUN’S HOUR ANGLE, OR THE TIME FROM 
EXTENDING TO 64’ 30”. 


Log. | 2 S Log. | 2 S Log. z S Log 5 S Log 
4.677 | 7.40 | 6.446 | 14.20 | 6.990 | 21. 7.922 | 30. 20 |7.641 
811 50 465 30 | 7.000 10} 328 40} 650 
927 | 8. 483 40 010 20} 335 131. 660 
5.030 10 501 50 019 | 30| 342 20] 669 
121 20 519 | 15. 029 40} 349 40| 678 
204 30 536 | 10 039 50} 3855 | 82. 687 
279 40 593 20 048 | 22. 362 20) 696 
349 50 569 30 058 10} 368 40| 705 
414] 9. 586 | 40 067 20} 375 | 33. 714 
473 10 602 50 076 30] 382 20| 723 
53 20 617 | 16. 085 40| 3888 40} 751 
582 30 633 10 094 50} 394 134, 740 
632 | 40 648 | = 20 103 | 28. 400 20| 748 
678 50 663 30 112 10| 407 40| 757 
723 | 10. 677 40 121 | 20| 413 | 35. 769 
766 | 10 692 50 130 30| 419 20| 773 
806 | -20 706 117. 188 40) 425 | 40| 781 
845 30 720 | 10 147 50| 481. | 36. 789 
881 40 734 1 20 155 | 24. 438 20| 797 
SLT: 1b) MeO 747 30 163 10| 444 40} 805 
951 | 11. 760 40 172 20| 449 | 37. 813 
984 10 773 50 180 30} 455 20} 821 
6.015 20 786 | 18. 188 40; 461); 40] 829 
046 30 798 | 10 196 50| 467 1/38. 836 
O75 40 811 20 204 | 25. AT3 | 20] 844 
103 50 824 3 212 | 20} 484 40} 851 
132 | 12. 836 40 219 40} 496 | 39. 859 
158 | 10 848 50 227 | 26. 507 20} 866 
182 20 860 | 19. 235 20| 1s 40| 873 
209 30 871 10 242 40| 529 |40. 881 
234} 40 883 20 250 | 27. 540 20} 888 
258 50 894 30 257 201 550 40} 895 
281 | 15. 905 40) 264 40} 561 |41. 902 
303 | 10 916 50 272 | 28. 571 30} 912 
325 20 927 | 20. 279 20} 582 | 42. 923 
347 | 30 938 10 286 40} 592 30} 933 
367 40) 949 20 294 } 29. 602 | 45. 943 
388 50 959 30 301 20} 612] 30] 953 
408 | 14. 969 40 308 | 40} 622 | 44. 963 
427 10 980 50 315 | 30. 631 301 973 


NOON, 


| Minutes, 
| Seconds 


15 


152 
140 
148 
156 
164 
172 
179 
187 
194 
202 
209 
217 
224 
231 
238 
246 
253 
259 
267 
274 
280 
287 
294 


= ’ 


76 


272 |1.352 


“TABLE (XVEsP ae Secon, 


-LOGARITHMS OF THE LATITUDE AND DECLINATION WHEN THEY ARE OF THE 
SAME NAME. 


DECLINA'TION, 
5o 


228 10.235 


| ge 1° 3° 
are 
0 
1 
f 2 
3 
i 4 
5 |1.859 
1 6| 279 |1.358 
7| 212] 278 
f 8} 153] 211 3856 
9} 101] 152] 209| 276 
10] 055} 100 208 
11 11.012 {1.053 11.098 {1.149 
£12\0.974) O11 097 
113} 988 10.9721 009] 051 
904| 936 10.970] 007 
873| 902} 934 10.967 
844| 871 931 
816] 841 S|. 897 
789| 813] 839} 866 
764| 787 836 
740| 761| 784] 807 
[21 [0.717 0.737 0.758 0.781 
695| 714| 784] 755 
673| 691 730 
652| 670 107 
632} 649 684 
613} 629 662 
594| 609 641 
575| 590 620 
557.1 571 600 
540| 558 581 
| 31 10.522 [0.585 0.562 
505| 518 543 
489| 500 525 
472| 488 507 
456| 467 489 
440| 450 472 
424| 434 455 
408| 418 438 
393} 402 422 
377| 386 405 
0.362 |0.371 
347 | 355 373 
331| 340 358 
316| 324 340 
301| 309 324 
286 | 293 308 
271| 278 292 
255| 262 276 
240| 247 260 
225| 231 244 
209 0.216 
194 200 212 
178° 184 196 
162 168 179 
146 152 162 
130 185 146 
114 118 129 
097. 100 111 
080} 084 094 


1.206 |1.272 |1.350 


204 
145 
092 
045 


00.2 
0.962 


925 
891 
859 


40.829 


801 
773 
TAT 


723 


699 
676 
653 
652 
611 


> |0.591 0.606 


S71 
551 
932 
514 
495 
478 
460 
442 
425 


0.350 0.389 0,398. 0.408 |0.418 |0.428 


391 
O74 
307 
341 


10° 


100 
151 


208 
274 


261 11.339 
258 [1.336 
189| 254 |1.332 


129 
076 


it? 


185 
125 


028 | O72 


250 
181 
121 


0.984 |1.023 {1.067 


944 0.980} 019 


906 
87] 


649 
626 
604 
582 
560 
540 
519 


499 } 
480 


441 
422 
404 
385 
367 
349 
331 
512 


294 


258 
240 
222 


204 


185 
166 
148 
128 


939 10.975 | 2 


902 
867 
834 
8038 
773 
745 
718 


0. 655 0.673 0.692 


667 
645 
620 
597 
575 
553 
552 
512 


492 


109} 


119 


934 
897 
86] 


828 | 27 | 
T97 | 28 | 
767 | « 


739 


0.712 


686 
661 


636 | ¢ 


612 


590] 38 
568 | 5 
546 | : 


520 


504 


464 
444 
424 | 
405 
386 
307 
348 
329 


310) 5 


rye 
Wie se) 


254 
235 


216 


197 
178 
159 
139 


77 TABLE XV.—Parr Serconp. 
LOGARITHMS OF THE LATITUDE AND DECLINATION WHEN THEY ARE OF THE 
SAME NAME. 
DECLINATION, 
Lat. 18° | 14° | 15° | 16° | I7P | 18S | 199 209 | 21° 21° _220_ 23° 24° | 25° |Lat. 


0 10.938 |0.904 |0.873 |0.8 44 |0.816 |0.789 10.764 |0.740 10.717 |0.695 10.673 10.652 10.632 | 0 
1} 972) 986| 902} 871| 841| 813) 787) 761) 787| 714] 691] 660] 649] 1 
2|1.009| 970] 984) 900} 868} 839] 811] 784) 758| 734] 710] 687] 666; 2 
3} 049|1.007| 967} 931} 897} 866) 836) 807| 781| 755} 730) 707} 6838] 38 
4) 094) 047/1.004| 965] 928) 895| 863] 882) 804] 777} 751) 726) 703] 4 
f S| 145] 092} 045]1.002| 962] 925] 891] 859) 829] 801] 773! 747| 722) 5 
~ 6} 201] 142} O89] 042] 999|) 959/ 922) 888} 856] 825] 797| 770| 743] 6 
7) 267] 199} 189] 086|1.039|} 995} 956) 919| 884] 852] 821] 793] '765| 7 
8} 345| 264) 196] 136] 083 /1.085| 992) 952] 915] 880| 848| 818} 785} 8 
, 9 342} 261; 191] 133] 080/1.082] 988} 948} 91! | 876| 844} 813] °9 

10 339} 258] 189] 129] 076 1.028} 984] 944) 906) 871] 8388] 10 


. ee eS ee a! leanne Cee ee, Ss ier 


11 1.336 |1.254 |1.185 |1.125 |1.072 |1.023 |0.980 10.939 (0.902 |0.866 | 11 | 
p12 332| 250) 181} 121} 0671|1.019; 975} 934] 896} 12: 
p13 328 | 246) 177) 116] 063)1.014|) 970) 929) 134 
#14 323 | 242) 172) 112] 058 /1.009| 964) 14 
y 15 319} 287] 167] 106} 053 |1.003 | 15 
314 ) 


1.319 


= Rail GA ee ee | ae | no ae. oe a en! ee ee 


A 21 11.116 11.172 11.287 |1.814 21 
A22) 063) 112} 167] 232 1.308]. 22 
925; 014) 058; 106} 162) 226 |1.303 23 
8 2410.970) 009] 052} 101) 156] 221 |1.297 24 
$25] 929 /0.965) 004] 047) 095; 151! 215 /1.291 25 
526] 890] 924 10.959 10.998; 041] 090] 144] 208 11.285 26 
#27) 856) 886] 918} 953 0.992; 035} 083) 13881 202 |1.278 27 
#28] 823] 850] 880} 912) 94710.986) 028| O7d{ 131] 195 ]1.271 28 
42) TOL) S17} 844) 874) 906; 940 10.979} O21) O69} 124] 188 |1.264 29 | 
F380) 761) 785} S81L}) 838) 867) 899} 934 0.972} 014} 062) 117] 181 1.256) 30 


| 31 10.733 10.755 (0.779 |0.804 (0.831 0.860 (0.892 (0.926 10.965 [1.007 [1.055 |1.109] 171/31 
132! 706| 726! 748| 772/ 797| 824] 853] 885/919 10.957 |0.999| 046) 100/32] 
133| 679| 699| 720| 742] 765| 790] 817] 846] 877] 911] 94910992] 038] 38 
134] 654! 672] 692) 712] 734| 757| 782} 809] 838] 869] 903] 941 10.983) 34] 
135| 630) 647] 665} 685] 705: 727| 750] 774] S01] 829] 861] 894] 931)35 
136] 606| 622] 640] 658] 677| 697| 719] 742] 766] 792] 821| 852} 885/36] 
37| 583] 598| 615] 632] 650} 669] 6s9| 710] 733] 758] 784} 812} 842| 37] 
138] 560) 575| 591| 607} 624] 642] 661| 681] 702] 724] 749] 775] 803] 38| 
139] 538] 552] 567| 582] 599] 615} 638] 652] 672] 698] 715] 740] 765/39 
140| 517| 580] 544] 559] 574} 590] 607| 624] 643] 662] 683] 706] 729] 40] 
41 (0.496 (0.509 10.522 0.536 10.550 10.565 |0.581 |0.597 (0.615 [0.633 0.653 [0.674 | 696 | 41 | 
142] 475) 487| 500| 513) 527] 541] 556] 572] 588] 605] 623} 643] 663] 42] 
143) 455) 466] 478] 491] 504} 517] 582] 546| 562] 578] 595] 613] 632] 43] 
441 435] 446] 457] 469) 482] 494] 508] 522] 536] 552] 568] 585] 602/44] 
145| 415] 426] 436] 448] 460] 472] 484| 498] 511] 526] 541] 557| 573/44] 
46| 395] 405| 416] 427] 438] 449| 461] 474] 487] 501] 515] 530) 545/46] 
147} 376] 886] 396| 406] 416] 427] 439] 451] 463] 476] 490| 504] 518] 4: | 
148] 357] 366] 375| 385] 395] 406] 417] 428] 440] 452] 465] 479] 492/48] 
149] 337| 346] 355| 865] 374) 384] 395] 405] 417] 428} 440] 453] 407/49] 
50| 318) 327] 385| 344] 854] 362] 873] 383] 394] 405] 416] 428] 440/50 


51 10.299 |0.307 (0.316 |0.324 |0.333 |0.342 10.851 10.361 (0.371 |0.381 10.392 (0.404 |0.415 | 5! 
52} 280} 288} 296; 304] 312] 321} 330] 3389] 349] 359] 369] 3879} 890) 52] 
53} 261| 269] 276) 284] 292] 300] 309] 317] 326] 336} 346] 355] 365/53] 
154] 242} 249) 257| 264] 271] 279) 287] 296] 304] 313] 822] 332] 341/54) 
5d| 223] 2380} 2386] 244] 251] 258] 266) 274] 282] 291} 299| 309] 318/55] 
56} 204) 210} 217) 223) 230] 287} 245) 252} 260) 268] 277} 286) 204) 56] 
57| 184] 190} 197) 203] 210) 216] 223) 231] 288] 246} 254] 262] 270) 57] 
58] 164/} 170} 176) 183} 189]; 195] 202} 209] 216] 223] 231] 2388] 246) 58 
) 145| 150] 156} 162] 168} 174] 180] 187} 194 222 
125| 180] 155] 141| 147; 153| 159 171 198 | 6 


78 


ss ———— | ———————— | | | —_——_—|— 
——— 5 ee | 


1.359 |1.279 |1.212 


40 


321 505 
133| 489 
34| 472 
135| 456 
36| 440 
137| 424 
38| 408 
39| 393 
40| 377 
41 10.862 
42| 347 
43} 331 


45} 301 
46 
47) 271 
48 


52 
53 
54 


44) 316 
286 


255 
49} 240 
50} 225 


194 
178 
162 
146 
130 
114 
O97 
080 
062 


1.360 
; 280 
213 
154 
102 
056 


1.360 
280 
213 
155 
103 
057 
015 


014 |0.976 


939 
906 
875 
846 
818 
792 
767 
743 
720 
0.693 
676 
656 
65 
616 
598 
579 
561 
544 
527 


493 
4T7 
461 
445 
429 
414 
399 
384 
568 


907 
876 
847 
820 
794 
769 
745 
722 
700 
0.679 
659 


639 | 


621 
601 
585 
565 
548 
31 
d14 


682 


0.661 
642 
623 
604 
586 
569 
551 
D939 
518 
502 


TABLE XV.—Part Tuirp. 
LOGARITHMS OF THE LATITUDE AND DECLINATION WHEN THEY ARE OF 


CONTRARY NAMES. 


664 


280 
215 
155 
104 
058 
016 


3 0.978 


943 


646 


213 
155 
104 
058 


0.979 


943 
911 


630 


154 


943 


11 }1.012 |0.975 |0.941 


1.153 
102 


1.101 


1.055 |1.012 


is? 


056 | 014 |0.975 
103} 057| 015 |0.976 
058 | 016 |0.977 
016 \0.978 
016 |0.978 


943 
910 
880 
851 
825 
800 


776 


942 
910 
880 
852 
800 
776 
T54 


94] 
909 
879 
851 
825 
800 
776 
Td4 
132 


0.800 10.776 


775 
752 
730 
709 
689 
669 
650 
632 
614 


759 
731 
710 
690 
670 
651 
633 
615 
598 


0.644 |0.628 |0.612 |0.596 |0.581 


625 
607 
589 
N72 
O59 
038 
522 
506 
490 


609 
592 
d75 
558 
541 
029 
509 
494 
478 


31 10.522 10.510 10.498 


482 
466 
450 
439 
419 
404 
389 
374 
360 


0.353 10.345 


188 
172 
157 
141 
125 
109 
092 
075 
058 


350 
315 
301 
286 
271 
257 
242 
227 
212 


182 
167 
151 
156 
120 
104 
087 
O71 
054 


0.486 
470 
455 
440 
424 
410 
395 
380 
365 
351 

0.336 
3:22 
308 
203 


279 


175 
161 
146 
131 
115 
099 
083 
066 


050 | 


0.474 |0.463 


459 
444 
429 
414 
400 
385 
d71! 
307 
342 


314 
300 
286 
272 


0.185 
171 
156 
141 
125 
110. 
094 
078 
062 
045 | 


448 
45 

419 
405 
390 
376 
362 
348 
304 


306 
292 
279 
265 


0.180 
165 
150 
156 
120 
105 
090 
O74 
058 
041 


594 
577 
560 
544 
528 
512 
497 
482 
467 


579 
5635 
547 
ddl 
515 
500 
485 
470 
456 


565 
549 
593 
518 
503 
488 
473 
459 
445 


0.754 10.732 


7132 
711 
691 
671 
653 
634 
617 
600 
583 


0.567 
551 
D395 
520 
505 
491 
476 
462 
448 
454 


711 
691 
672 
653 
635 
617 
601 
584 
568 


0.553 
537 
522 
508 
493 
479 
465 
451 
437 
425 


692 
672 
654 
636 
619 
602 
586 
570 
554 


524 
509 
495 
48 | 


467 : 


494 
44() 
427 
414 


0.452 
4353 
425 
409 
395 
3sl 
367 
B09 
340 
326 


299 
285 
271 
208 
244 


0.442 
427 
413 
399 
386 
372 
308 
345 
331 
318 


312 |0.804 


291 
278 
264 
251 
237 


0.174 |0.168 


160 
145 
130 
115 
100 
085 
069 
053 
, 037 


154 
140 
125 
110 
095 
080 
065 
049 
033 


0.431 
417 
4038 
390 

76 
363 
350 
336 
323 
310 

0.297 
284 
270 
257 
244 


0.1638 
149 
134 
120 
105 
091 
O76 
060 
045 
029 


0.421 
407 
394 
380 
367 
J04 
341 
328 
315 
302 


0.411 
5397 
384 
O71 
358 
345 
305 
320 
307 
294 


0.289 10.282 


76 
263 
250 


269 
256 
243 
231 


0. 
262 
249 
237 
224 
211 
198 
185 
172 
159 


tearm ESSN ES LS ee eee ee 
DECLINATION, 


0.711 0.692} 1 


274 [0.267 | « 


0.979 


U.391 1% 


951 
907 
878 
850 
824 
799 
776 
753 
T32 


711 


ee ee! Sn a ee, ee ey pe eee 


0.539 |0.525 


5117S 
497 
483 
469 } 2: 
456 | 26 
442127 f 
429 | 28 fi 
A16 | 2¢ 
403 |: 


378 | 3: 5 
366/359 
353 | 34 5 
341 |: 

328 


3041: 
291}: 
279 | 4 


0.328 |0.520 |0. 


258 | 4: 
242 | 4: 
230 | - 
217 
205 | 46 
192 
179 
167 
154 |: 


0.145 
132 
119 
105 
O91 
O77 
062 
047 
052 
016 


0.140 


O12 


127 | 5% 

114 
100 
OS6 <= 
O72 
O57 
043 | 5 
028 


[Lat] 13° 


906 
876 
849 
823 
798 
775 
48572 
731 
711 
vanY 


coer 


ee 


654 
637 
620 
602 
587 
Hil 
556 
541 
527 
Tore 0.512 
498 
485 
471 
458 
445 
527 32 
419 
406 
aa aed 


0.076 |0.070 


14° 


875 
847 


15° 


16° 


TABLE 


LY feds 


475 


450 
438 
425 
413 
402 
390 
378 
367 
395 


53 10.344 10.335 |0.326 10.317 10.308 |0. 


doz 


‘| 0 1 
O88 
O75 
062 
049 
0355 
021 
007 


18° 


438 
426 
414 
403 
391 


380 | 
368 | 


346 


323 
312 
301 
290 
279 
268 
207 
246 


235 


213 
202 
190 
179 
167 
156 
144 
152 
120 


096 
083 
070 
057 
044 
030 
017 


oy 


451 


XV.—Part Turirp. 
LOGARITHMS OF THE LATITUDE AND DECLINATION WHEN THEY ARE OF 
CONTRARY NAMES. 


DECLINATION. 


49 


20° 


ae 


527 


PAS 


698 


553 


22° 


525 


427 


0.439 |0.427 |0.416 


427 


336 


315 


115 


416 
404 
393 
382 
37 1 
360 
349 
338 
327 


306 


A 


ae 


405 
393 
382 
372 
361 
590 
399 
329 
318 


297 


23° 


D22 


497 
485 
475 
461 
449 
438 
426 
415 
404 


0.393 
383 
372 
362 
dol 
341 
351 
320 
310 
300 


24° 
0.938 |0.904 0.873 0.844 |0.816 |0. 789 0. 104 0.740 0.717 0.695 0.6738 0.653 0.652 


0.¢ 


7} 199 


098 


0.092 |0.086 


080 
068 
055 
043 
0350 
O17 


O75 
063 
051 
038 
025 
012 


003 |9.999 
002 |9.998 |9.994 |9.990 | 985 


000 |9.996 (9.992 !9.988 | 984] 980} 976] 971 


280 
270 
260 
250 
240 
250 
220 
210 


168 


192 


9.990 


616 
604 
586 
571 
Dd7 
044 
551 
518 
505 
495 


24 10.509 |0.495 |0.481 
469 | | 


AT1| 457 
446 
435 
424 
415 
402 
O92 
382 


d |0.462 |0.451 


O72 
362 
B02 
342 
doz 


2) 


ons 


SH 
302 
292 
283 


299 (0.290 |0.282 |0.273 


272| 263 
262 | 253 
202 | 243 
242 | 235 
232 | 224 
222) 214 
212} 204 
202} 194 


165 
155 
145 
135 
125 
114 
105 
092 
0OS1 


064| 058 


052| 047): 
035 |: 
029] 024] 5 
O17} O11) 5 


041 


004 |9.998 
985 
977} 972 


967} 963) 959 


25° Lat, 


185 


Pee <A 


PART FOURTH. 


CONTAINING THE SUM OF THE TWO LOGS AND 


CORRECTION FOR ALTITUDE, 


ZSB( 34/38/54 
BBE ect (Pea 
2) és mM - 12 2 ood ae 
om G. Ont 
0. 1 | 6.464] 0.51] 8.171 
2|\ 765] 52) 180 
3.| 941] 53) 189 
4 | 7.066] 54) 196 
5 | 163} 55] 204 
6 | 242] 56] 212 
7 |'° 309} 57] 220 
8| 367] 58] 227 
9] 418] 59] 285 
10| 464) 1. 0} 242 
11 |) 505] 1.1] 249 
12 | 543] 1. 2] 256 
13 | 578] 1. 3] 263 
14| 610] 1. 4] 270 
15 | 640] 1. 5] 277 
16 | 668] 1. 6] 283 
17 | 694} 1.7] 240 
18 | 719] 1. 8] 296 
19 | 742) 1. 9] 3038 
20 | 765]| 1.10] 309 
21} 786] 1.11] 315 
22 | 806] 1.12] 321 
23 | 825] 1.13] 3827 
24] 844] 1.14] 333 
25 | 862] 1.15] 339 
26 | 879] 1.16] 345 
27 | 895] 1.17} 350 
28 | 911] 1.18] 356 
29 | 926] 1.19} 361 
30 | 941] 1.20] 367 
81] 955] 1.21} 372 
82 | 969] 1.22) 377 
33 | 982] 1.23] 383 
84 | 995] 1.24] 389 
35 | 8.008] 1.25] 393 
36 | 020] 1.26] 398 
87 | 032] 1.27] 403 
88 | 044] 1.28] 408 
39 | 054] 1.29] 413 
40 | 066] 1.30) 419 
41| O77] 1.31] 423 
42| 087] 1.82] 427 
43 | 097] 1.33} 432 
44} 107] 1.34] 437 
45 | 117| 1.85] 441 
46 | 126] 1.36] 446 
47 | 186] 1.87) 450 
48 | 145] 1.88] 455 
49| 154] 1.39] 459 
50 | 163] 1.40] 464 


Correction 
for Altitude. 
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TABLE XV. 


THE 


PART FIFTH. 


CONTAINING THE LIMITS OF THE TIME FROM 


NOON AT WHICH THE OBSERVATION 


SHOULD BE MADE, 


Sum of the 
two Logs 


DEC. OF THE SAME NAME AS THE LATITUDE. 


iuarh GO.1 5° 1.109 | 1594 20° 1 24e 

8.468 Oth m{hmiti{thm him), 4 Am Ole in 

472 010.0 10.4 |0.6 10.9 10.12 |0.15 

476 5) 3 | 4 6 9 12] 

481 10 6 4 1 5 7 10 

485 15 9 7 4 2 4 8 

489 201 12 {1 10 7 5 2 5 

493 95} 161131 10/> 8}'5] 2] 

AT 307 195 164°13 12 9 6 

501 359) 24 |] 21 1s 15 13 10 

505 AD} 284.025 «1 922 "-* 20 17 15 

509 44) SQ 6 29 4 26 | 2h QI 20 

513 48] 3 33 | 30} 3 27 aay 

516 52].44 | 41 | 386) 3 34 32 

521 56] 55 | 47 | 44 | 424 3 36 

524 60] 58 | 54). 52 |. 50) 47 44 

o28 

532 DECLINATION OF THE CONTRARY NAME TO THE 

586 LATITUDE. 

hom [eh ms) Bm. oe mn paw el be 

546 070.0 |0.4 | 0. 7} 0.10; 0.13 | 0.16 

549 5 3 7 DO ite Lapel O 18 

558 10 7 4-AQ 131° FER Oot Be 

557 15] 10} 18] 37} 20] 21] 24 

560 Ut loot. Le 19 23 25 28 

544 | 125] 18 | 20 | 23] 26] 28} 31 

567 SOT 21°) 28 26; 3 32; 3d] 

571 | 135} 25 | 27} 30] 34] 36] 39] 

574 | |40| 30 | 32°} 33] 88} 40} 48 

578 SUM ais 2 Sa aus | 38| 438] 46; 48 

581 | |48| 38] 42] 45] 48] 51) 58 

nea | |o2| 44 | 48 |} 52) 55) 58/1, 

Buy | 56] 50| 54] 57/1. O]1. 3/1. 

59] 60] 58 | 57 11. 4/1.-6]/1. 911.1 

594 

59T 

600 

608 

606 

610 

613 

616 

619 

622 

625 

628 

631 

65 

63 


TABLE XVL 


81 


APPARENT TIME O¥ THE SUN’S RISING AND SETTING. 


x DECLINATION OF THE SAME NAME AS THE LATITUDE. 
ze 9° Q0 4°, 6° go 10° 
4 | Ris. | Sett| Ris. | Sett.| Ris. | Sett.| Ris. | Sett.| "Ris. | Set. Sett.| Ris. | Sett. | 
(88 eral al fig get ys Bc pe Pg Rey ne ae Cy rege ae Ieee og at eee ee Sper on peu) Hs] eae 
0 | 6.0! 6.0] 6. 0] 6. 0] 6. 0] 6. 0] 6. 0} 6. O] 6. 01 6. 0 5. O16. 016. 0 
216.0! 6.0] 6. 0! 6. 0] 6. 0| 6. O] 6. 0} 6. 0} 5.59] 6. 1 6. 1]5.59 16. 1f 
4 | 6.0| 6.0] 6. 0] 6; 9] 5.59] 6. 1] 5.59] 6. I] 5.58] 6. 2 6. 2}5.5716.. 3] 
6 | 6.0! 6.0] 6. 0! 6. 9] 5.58| 6. 2] 5.58] 6. 2] 5.571 6. 3 6. 3|5.56|6. 4 
8 | 6.0| 6.0] 5.59} 6. 1] 5.58] 6. 2] 5.57] 6. 3] 5.56! 6. 4 6. 515.5516. 5] 
1 10 | 6.0| 6.0] 5.59] 6. 1] 5.57) 6. 3] 5.56] 6. 4] 5.54] 6. 6 6. 615.5316. 7 
1 12 1 6.0| 6.0] 5.58| 6. 2| 5.57] 6. 3] 5.55] 6. 5] 5.53] 6 71 5.5316. 715.5216. SE 
, 14 | 6.0| 6.0] 5.58] 6. 2] 5.56| 6. 4] 5.54] 6. 6] 5.52] 6. 8] 5.5116. 915.5116. 9 
1 16 | 6.0} 6.0] 5.58} 6. 2] 5.55| 6. 5] 5.53] 6. 7] 5.51! 6. 9] 5.5016.10] 5.48} 6.12 
1 18 | 6.0| 6.0] 5.58] 6. 2] 5.55|.6. 5] 5.52] 6. 8 5 5.4% | 6.12 | 5.47 | 6.13 | 
20 | 6.0] 6.0] 5.57| 6. 3] 5.541 6 6] 5.51] 6. 9 5.47 16.13 15.45 | 6.13 | 
21 | 6.0) 69 5.571 6..3| 5.54! 6. 6] 5.51] 6. 9 5.46 | 6.14] 5.44 | 6.16 | 
22 | 6.0, 6.0) 5.57) 6. 3] 5.54] 6. 6] 5.50] 6.10 5.45 | 6.15 15.44 | 6.16 
23 | 6.0; 4.0] 5.57] 6. 3] 5.53) 6. 7] 5.50 6.10 5.44 | 6.16 | 5.43 | 6.17 
2416.0, 6.0] 5.57] 6. 3] 5.53] 6. 7] 5.49] 6.11 5.43 | 6.17 | 5.421 6.18 
25 | 6.0! 6.0] 5.56] 6. 4] 5.53] 6. 7] 5.49] 6.11 5.42 | 6.18] 5.41 | 6.19 
4 26 | 6.0] 6.0] 5.56] 6. 4] 5.52] 6. 8] 5.48] 6.12 5.41 | 6.19 | 5.40 | 6.20 
| 27 | 6.01 6.0] 5.56] 6. 4] 5.52] 6. 8] 5.48] 6.12 5.41 | 6.19 | 5.39 | 6.21 
P28 | 6.0! 6.0] 5.56] 6. 4] 5.51 | 6. 9] 5.47] 6.18 5.40 | 6.20 | 5.38 | 6.22 | 
129 | 6.0] 6.0] 5.56/ 6. 4] 5.51] 6. 9] 5.47] 6.13 5.39 | 6.21 | 5.88 | 6.225 
1 30 | 6.0] 6.0] 5.55! 5. 5] 5.51] 6 91 5.46] 6.14 5.38 | 6.22 | 5.87 | 6.23 
1 31 | 6.0! 6.0] 5.55! 5. 5] 5.50] 6.10] 5.46] 6.14 5.37 | 6.23 | 5.36 | 6.24 
32 | 6.0! 6.0] 4.55! 5. 51 5.50] 6.10] 5.45] 6.15 5.36 | 6.24 | 5.85 | 6.25 
1 3316.0] 6.0] 5.55! 6. 51 5.50! 6.10] 5.44] 6.16 5.35 | 6.25 | 5.34 | 6.26 | 
1 341 6.0) 6.0] 5.55] 6. 5] 5.49] 6.11] 5.44] 6.16 5.35 | 6.25 | 5.33 | 6.27 
35 | 6.0! 6.0] 4.55] 6. 5] 5.49] 6.111 5.43] 6.17 5.34 | 6.26 | 5.382 | 6.28 
36 | 6.0| 6.0] 5.55| 6. 5] 5.48] 6.12] 5.42] 6.18 5.33 | 6.27 | 5.31 | 6.29 § 
37 | 6.0) 6.0] 5.55| 6. 5] 5.48] 6.12] 5.42] 6.18 5.32 | 6.25 15.29! 6.31 
33 | 6.0! 6.0] 5.55| 6. 5] 5.47] 6.18] 5.41] 6.19 5°31 | 6.29 | 5.28 | 6.32 
39 | 6.0} 6.0] 5.55) 6. 5] 5:47] 6.13] 5.40] 6.20 5.29 | 6.31] 5.27 | 6.33 
40 | 6.0| 6.0] 5.54] 6. 6] 5.47] 6.13] 5.40] 6.20 5.28 | 6.321 5.26 | 6.34 | 
41 | 6.01 6.0] 5.54) 6. 6] 5.46] 6.14] 5.39] 6.21 5.27 | 6.331 5.25 | 6.35 | 
42 | 6.0! 6.0] 5.54] 6. 6] 5.46] 6.14] 5.38] 6.22 5.26 | 6.341 5.23 | 6.37] 
43 1 6.0} 6.0] 5.53] 6. 7] 5.45] 6.15] 5.88] 6.22 5 25 | 6.351 5.22 16.88 
441 6.0! 6.0] 5.53| 6. 7] 5.45] 6.15] 5.387] 6.23 5.24 | 6.361 5.21 | 6.39 
45 | 6.0} 6.0] 5.52] 6. 8] 5.44] 6.16] 5.86] 6.24 5.22| 6.38|5.19 (6.41 
46 | 6.0} 6.0] 5.52] 6. 8] 5.43] 6.17] 5.85] 6.25 5.21 | 6.39 | 5.18 | 6.42 | 
47 | 6.0| 6.0} 5.51] 6. 9| 5.43] 6.17] 5.384] 6.26 5.1916.41] 5.16 16.449 
48 | 6.0! 6.0] 5.51] 6. 9] 5.42] 6.18] 5.33] 6.27 5.18 | 6.4215.15 | 6.45 
49 | 6.0] 6.0} 5.51] 6. 9] 5.42] 6.18] 5.382] 6.28 5.16 | 6.44] 5.13 | 6.47 | 
»o0 | 6.0] 6.0] 5.50} 6.10] 5.41] 6.19] 5.31] 6.29 5.15 | 6.45] 5.11 | 6.49 
51 | 6.0] 6.0] 5.50} 6.10] 5.40] 6.20] 5.30} 6.30 5.13 | 6.471 5.10 | 6.50 
52 | 6.0! 6.0] 5.50} 6.10] 5.389] 6.21] 5.29) 6.31 5.11/6.4915. 816.52 
53 | 6.0] 6.0] 5.49] 6.11] 5.89} 6.21] 5.28] 6.32 5.10|6.50]5. 616.54 
54 | 6.0| 6.0] 5.49] 6.11] 5.88] 6.22] 5.27] 6.33 5. 8|6.52/5. 416.56 
55 | 6.0] 6.0] 5.49} 6.11] 5.87] 6.23] 5.25] 6.35 5. 6|6.54/5. 216.58] 
56 | 6.0| 6.0] 5.48] 6.12] 5.36] 6.24] 5.24] 6.3 5. 516.55/4.59 17. 1 
57 | 6.0} 6.0] 5.48] 6.12] 5.385] 6.25] 5.23] 6.3 5. 416.56] 4.5717. 8 
58 | 6.0} 6.0] 5.47] 6.18] 5.34] 6.26] 5.21] 6.39 5. 0/6.58] 4.5417. 6 
59 | 6.0] 6.0] 5.47] 6.13] 5.83] 6.27] 5.20] 6.40 4.59|7. 114.5217. 8 
60 | 6.0! 6.01 5.46] 6.14] 5.32! 6.28] 5.18] 6.40 4.56|'7. 4|4.49/7.111 
61 | 6.0} 6.0} 5.46] 6.14] 5.31] 6.29] 5.16] 6.44 4.5417. 614.46 | 7.14] 
62 | 6.0| 6.0] 5.45} 6.15] 5.30] 6.30] 5.14] 6.46 4.51|7. 9| 4.48 |'7.17 
63 | 6.0| 6.0] 5.44] 6.16] 5.28] 6.82] 5.12] 6.48 4.48 |'7.12| 4.39 | 7.21] 
64 | 6.0] 6.0] 5.44] 6.16] 5.27] 6.83] 5.10] 6.50 4,44.|'7,16 | 4.35 | 7.25 
65 | 6.0} 6.0] 5.43} 6.17] 5.26] 6.34] 5. 81 6.52] 4. 10} 4.41 | 7.19] 4.31 | 7.29 
66 | 6.0| 6.0] 5.42] 6.18] 5.24] 6.85] 5. 5| 6.54] 4.47] 7.13] 4.87 | 7.23 | 4.27 | 7.83 
661] 6.0| 6.0] 5.42| 6.18] 5.23] 6.36] 5. 4] 6.56] 4.44] 7.16] 4.34 | 7.26] 4.24 | 7.36 
Lat. | Sett.! Ris. | Sett. | Ris. | Sett. | Ris. | Sett. | Ris. Sett. | Ris. | Sett.| Ris. | Sett.| Ris. 


LATITUDE AND DECLINATION OF CONTRARY NAMES. 


TABLE XVI.’ 
APPARENT TIME C* THE SUN’S RISING AND SETTING. 


DECLINATION OF THE SAME NAME AS THE LATITUDE, 


iW ky 12° 13° 
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LATITUDE AND DECLINATION OF CONTRARY NAMES. 


TABLE XVI. 
APPARENT TIME OF THE SUN’S RISING AND SETTING. 


DECLINATION OF THE SAME NAME AS THE LATITUDE. 
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LATITUDE AND DECLINATION OF CONTRARY NAMES. 


84 TABLE XVIL. 
ALTITUDES BY WHICH THE APPARENT TIME MAY BE FOUND WITH THE GREATEST ACCURACY. 


DECLINATION OF THE OBJKCT, OF THE SAME NAME AS THE LATITUDE, 
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TABLE XVIII. 
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FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 
THE MERIDIAN THROUGHOUT THE YEAR. 


Pozar Star,.. . 
ACHERNAR,. ... 
ALDEBARAN, ... 


-BrETELGUESE,... 


Canopus, 
Sirius, 
Castor, 
Po.tux, 

| Arg@us, 


Cross, Foot Star. 


SPIca, 


ARCTURUS,. ... 


ANTARES, 


ALTAIR, 
Pavonis, 


FoMALHAUT, ... 


PreasI, 


| Powar Star,... 


ACHERNAR, . 


JANUARY. 


23) 19.14] 19. ‘ 
21.34] 21.25] 21.121 2 


23.46) 23.37| 23.24 23, 1] 


.34| 15.21 
58} 16.45 
17.438 
18.35 
20.46 
22.58 


0.23 
0.53 
1.15 
2.39 
3.29 
3.07 


10.21 
10.39 
11.25 
11.36 
13.11 
14. 1 


10.27 
11.13 
11.24 
12.59 
13.49 


15. 8/ 14.55} 14.43 
16.32} 16.19) 16. 7 
17.30) 17.17) 17. 5 
18.22) 18. 9) 17.57 
20.33} 20.20) 20. 8 
22.45) 22.32} 22.20 


0.14; 0. 2 
0.56} 0.24 
2. 0} 1.48 
2.50} 2.38 

2.46 


FEBRUARY. 


6 


H. M. 
3.48 
4,14 


9 


24 

H. M. 
4.41 
5.7 
8. 5 
8.41 
8.43 
9.22} 9.10 
9.56) 9.44) 9.31] 
10.14) 10. 2) 9.49 
11. 0) 10.48) 10.35 
11.11} 10.59} 10.46 
12.46} 12.34) 13.21 
(13.86 (18.24) 18.11 f 


14.30] 14.18] 14. 5 
15.54} 15.42) 15.29 
16.52) 16.40} 16.27 
17.44 17.82) 17.19 
19.55} 19.43} 19.30 | 
22. °7| 21.55] 21.42 


27 

H. M. 
4.29 
4.55 
7.51 
8.29 
8.31 


0.10 mpd 23.44] 23.32| 23.19] 23. 7/ 22.54] 


23.49} 23.37) 23.24 
0.11} 23.59) 23.46 
1.35; 1.23] 1.10 
2.25} 2.18) 2. OF 
2.33} 2:21) 2. 8§ 


H, M. 
3.90 
4. 2 


H. M. 
3.24 
3.50 


7.10} 6.58) 6.46 
7.48) 7.36) 7.24 
7.50) 7.388) 7.26 


8.29} 8.17) 8. 5 


9. 3| 8.51) 8.39) 
9.21) 9.:9| 8.57 
10.27} 10.19] 10.°7| 9.55) 9.48 
10.88} 10.30} 10.18} 10. 6) 9.54 
12.14) 12. 6) 11.54) 11.42) 11.80 
13, 3) 12.55) 12.43) 12.31) 12.19 


13.57| 13.49} 13.37] 13.25] 13.13 
15.21) 15.13) 15. 1) 14.49) 14.37 
16.19} 16.11) 15.59) 15.47] 15.35 
.| 17.11) 17. 3} 16.51) 16.39} 16.27 
19.22) 19.14, 19. 2} 18.50} 18.388 
21.34} 21.26} 21.14) 21. 2] 20.50 


22.46] 22.38] 22.26] 22.14] 22, 2 
23.16) 23. 8| 22.56] 22.44] 22.32 
23.38] 23.30) 23.18] 23. 6] 22.54 
1. 1} 0.53) 0.41] 0.29} 0.17 
1.52| 1.44} 1382) 1.20) 1.8 
2. 0] 1.52) 1.40} 1.28} 1.16 


| ALDEBARAN, 
CAPELLA, 

| Rigen, 
BETELGUESE,.. . 


8.27] 8.16] 8. 4 
8.45} 8.34; 8,22 
9.31) 9.20) 9. 8 
9.42) 9.31} 9.19 
11.18) 11. 7} 10.55 
12. 7| 11.56) 11.44 


13. 1) 12.50} 12.38 
14.25) 14.14) 14. 2 
15.23} 15.12) 15. 0 
16.15) 16. 4) 15.52 
18.26) 18.15] 18, 3 
20.38! 20.27] 20.15 


21.50) 21.39} 21.27 
22.20} 22. 9) 21.57 
22,42} 22.31] 22.19 
0. 5) 23.54) 23.42 
0.56) 0.45) 0.33 
1. 47 0.55) 0.41 


9.23) 9.15 
9.41] 9.33 


Canopus, 


| Castor, 
Potitux : a 
| Araos, 10.44) 10.32 


11.33) 11.21 


12.27).12.15 
13.51) 13.39 
14.49} 14.37 
15.41) 15.29 
17.52}. 17.40 


Cross, Foor Star, 
| Spica, 

ARcTURUS,... 

ANTARES, 


| ALTAIR, 
| Pavonis, 


21.16) 21. 4 
21.46) 21.34 
22. 8} 21.56 
23.31} 23.19 
0.22} 0.10 
0.30} 0.18 


| Fomauaurt, . . 
Pr@ast, 


86 ~ TABLE XVIIL 


FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 
THE MERIDIAN THROUGHOUT THE YEAR. 


DAY. DAY. DAY. 


27 | 30 


DAY. DAY. DAY. DAY. DAY. DAY. DAY. DAY. 


15 | 18 


NAMES. 


H. M| H. M| H. M. H. M| H. M| H. M| H. M| H. M| H. M| H. MJ H. M, 
Potar Star,...}| 2.18) 2.10) 1.59) 1.48) 1.87) 1.26) 1.15) 1. 4] 0.53) 0.43) 0.82 
ACHERNAR,. ...| 2.44) 2,386) 2.25) 2.14) 2. 3] 1.52) 1.41 1.19} 1. 9, 0.58 
ALDEBARAN, .. .| 5.39] 5.31) 5.20) 5. 9} 4.58! 4.47] 4.3 4.14, 4. 4| 3.53 
CAPELEANS, oe 2 te 6.17) 6. 9| 5.58] 5.47) 5.36) 5.25) 5.14) 5. 3} 4.52) 4.42) 4.31 
i RIGEL SG ee 6.19} 6.11] 6. 0} 5.49) 5.38) 5.27] 5.16 4.44) 4.33 
BETELGUESE,. ..| 6.56 6.48 6.87 627 6.15 6.4 4) 5.58 5.31) ¢5,21) ae 
CANOPUS,. ... 7.30 Om: 22 “1 1] AL | 6.49 6 :.38 6.27 6.16) 6. 5| 5.55) 5.44 
LiSIRIUR, Ses ateiee TEAS (T4027T 296 TAD TT te 6.45 6.23) 6.13) 6. 2 
PSGARTORS x 5 elton 8.34] 8.26) 8.15) 8. 4) 7.538) 7.42) 7.31 7. 9| 6.59] 6.48 | 
MP OMLUxit.. see 8.45} 8.37) 8.26) 8.15) 8. 4) 7.53] ‘7.42 7.20) '7.10| 6.59 
ASGUB Sy En eee 10.21} 10.13) 10. 2} 9.51) 9.40) 9.29) 9.18 8.56 8.46} 8.55 


Reauvs, ee ee AT. 5) 10.54) 10.43) 10.32) 10.21 10.10) 9. 9.49} 9.388) 9.27 
Dupin. .¥ See 12. 7 11.59 11.48] 11.37 11.26) 11.15) 11. 4) 10.53) 10.42) 10.32) 10.21 
Cross, Foor Star, 13.31 13.23) 18.12) 18. 1) 12.50) 12.39} 12.28} 12.17) 12. 6} 11.56) 11.45 
RIGA EC 1h) eee 14.29] 14.21) 14.10) 13.59) 13.48} 13.87) 13.26] 18.15) 18. 4) 12.54) 12.48 
} ARocturus,. . . «| 15,21) 15.13) 15. 2) 14.51) 14.40) 14.29) 14.18) 14. 7| 18.56) 13.46) 13.35 
| ANTARES, 4 50k 17.33} 17.25) 17.14) 17. 3) 16.52| 16.41) 16.30) 16.19) 16. 8) 15.58) 15.47 
PSV EGA aise Hee 19.45) 19.387] 19.26) 19.15 1d. 4 4) 18. 53) 18.42 ‘18.51 31 18.20} 18.10} 17.59 | 


ALTAIR A: ner hae 20.57 20.49] 20.38} 20.27 20.16 16 20. " 19. 19.54 19. 19.43 19.32 32] 19.22) 19.11 § 
IAPAVONIS, Pattee 20.27] 21.19) 21. 8) 20.57) 20.46] 20.35] 20.24] 20.13) 20. 2) 19.52) 19.41 
<S) Gite eae 21.49) 21.41) 21.30} 21.19) 21. 8) 20.57) 20.46) 20.35] 20.24) 20.14) 20. 3 
| FomauHaur, 

Peq@ast sa) ) lee 


oe ia) 12) IS" [ol8>.720 (24 eer ee 


pS a es ne Ms Oe as a i Ps BS I aS OR a SY es Pea | se Te me 
| Porar Srar,. . «| 0.24} 0.17] 0. 6] 28.55] 23.44] 23.83] 23.22] 23.11] 23. 0] 22.48] 22.37 
| Acuernar,....| 0.50] 0.43] 0.82] 0.21] 0.10] 23.59] 23.48] 23.37] 23.26] 23.14] 23. 3 
| Avpeparam, .. .| 3.46] 3.89] 3.28} 3.17] 3. 6| 2.55] 2.44 2.33] 2.92) 2.10} 1.59] 
ACA primis els, 4.24} 4.17] 4. 6| 3.55 3.44] 3.33] 3.22] 3.11] 3. 0} 2.48) 2.87] 
LPRromic:) sha eie 4.26] 4.19] 4. 8| 3.57] 3.46] 3.35] 3.24] 3.13] 3. 2] 2.50] 2.39] 
| Bererevzsz,...| 5. 5| 4.58! 4.47] 4.36} 4.25] 4.14] 4. 8} 3.52) 3.41) 3.29) 3.18 
Canopus... . 5.39} 5.82} 5.21] 5.10} 4.59] 4.48} 4.37] 4.26] 4.15] 4. 3} 3.52 
Bretue) st. eee 5.57| 5.50] 5.39] 5.28| 5.17, 5. 6| 4.55] 4.44 4.10 
Castor, 2. 2. 6.43} 6.36] 6.25] 6.14] 6. 8| 5.52) 5.41) 5.30 5.56 | 
Oe oay Ae” Si: 6.54} 6.47} 6.36] 6.25} 6.14] 6. 3| 5.52] 5.41 ie) 
Aserahict os J: 8.30} 8.23} 8.12) 8. 1) 7.50] 7.89| 7.28] 7.17 6.43 | 


eee ote 19). 9. : tis if ; : ‘ . : 7.32 


re] ef | | eg ee 


it OD: : : : ; 9.33) 9.22) 9.11) 9. 0} 8.49} 8.37) 8.26 
j Cross, Foor Stak, | 11.37; 11.30] 11.19] 11. 8] 10.57] 10.46] 10.35] 10.24 10.13] 10. 1} 9.50 
| Sproa, ... . © .| 12.35] 12.28) 12.17] 12. 6] 11.55] 11.44] 11.33) 11.22) 11. 1] 10.59) 10.48 
Arcturus,. . . .| 13,27] 13.20] 18. 9} 12.58) 12.47] 12.36] 12.25] 12.14] 12. 8).11.51/ 11.40 
Anrares, ... .| 15,38) 15.31] 15.20/15. 9| 14.58] 14.47| 14:36] 14.25 14.14 14. 2) 15.51 
_Vzaa, ale es 17.50) 17.43} 17.32} 17.21] 17.10] 16.59} 16.48] 16.87] 16.26] 16.14) 16. 3 


‘Azmare,\ eee 19. 2 18.55} 18.44] 18.32] 18.22] 18.11] 18. 0] 17.49] 17.38] 17.261 17.15 
| Pavonis,..... 19.32} 19.25] 19.14] 19. 3] 18.52/ 18.41] 18.30] 18.19] 18. S| 17.56 17.45 
Cram, . 1') 28% 19.54] 19.47] 19.36] 19.25] 19.14] 19. 3] 18.52] 18.41] 18.30] 18.18] 18. 7 


Grivis, o. Gee 21.17; 21.10} 20.59) 20.48) 20.37] 20.26) 20.15] 20. 4) 19.53} 19.41| 19.30 
Fomatwaut, . . .| 22. 7/22. 0) 21.49) 21.38} 21.27] 27.16] 21. 5} 20.54] 20.43] 20.31) 20.20 
| eG Aer Os a, 22,15) 22. 8121.57 21.46] 21.35] 21.24] 21.13 21. 2} 20.52) 20.389; 20.28 


TABLE XVIII. 87 


FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 
THE MERIDIAN THROUGHOUT THE YEAR. 


MAY. 


DAY. DAY. DAY. DAY. DAY. DAY. | DAY. DAY. 


9 12-1 (15- | 185 | 520 2a ae 


H. M.| HH. .M.| H. M.| HM.) HooM.| HH. M.{° HoeMol” Hi oM, 


22, 2 21.51) 21.39) 21.27) 21.15] 21. 3} 20.51) 20.39 


Hoe aw we 


22.33} 22.26) 22. 


Pouar Srar,.. . 


URE 


ACHERNAR,. . . . | 22.59) 22.52) 22.40) 22.28] 22.17] 22.05) 21.53] 21.41) 21.29) 21.17] 21.05 
ALDEBARAN, ...| 1.55} 1.48] 1.36) 1.24) 1.13] 1.01) 0.49) 0.37) 0.25! 0.13] 0.01 
DAPELLAS "02°: 4 2.00} 2.26] 2,14) 2, 2 1.51) 1.89) 1.27) 1.15) 1. °8i. 0.517 0.89 
aereey ene ZOHO azo 2. tO 2. ar Lol alt CL 20F “117i le be OS Oise 
BETELGUESE,. ...| 3.14) 3. 7| 2.55) 2.43! 2.382) 2.20) 2. 8 1.56) 1.44). 1.32) 1.20] 
Canopus,..... 3.48] 3.41} 3.29) 3.17) 3. 6} 2.54) 2.42) 2.30 
Siarsete ss. Ss 3.35, 3.24] 3.12] 3. 0} 2.58 
SABTOR, es 4,21} 4.10) 3.58) 3.46) 2.34 
MOLLUS, 6 os 4.30) 4.21) 4. 9) °3.57| 3.45 
WUaRGUS, .. . iS 6. 8 5.57 5.45) 5.33) 5.21 


aR NL hye. 9 6.57 6.10 


HOA Go ; 7. 4 
9.15] 9. 4) 8.52) 8.40) 8.28 
10.13/10. 2} 9.50) 9.88) 9.26 
11. 5) 10.54} 10.42) 10.30) 10.18 


Tein ee: 
Cross, Foot Star.! 9. 
etn wees. Te Le 110.44 10. 37 10. 25 
Arcturous,. . . .! 11.36) 11.29) 11.17 
PANTARES,. 0°... 18.47 13.40] 13.28) 13.16] 13. 5) 12.53) 12.41] 12.29 12. 17 12. 5] 11. 53 | 
SRE: A197 ey. 15.59} 15.52] 15.40) 15.28] 15.17) 15. 5) 14.53) 14.41) 14.29) 14.17) 14. 5 


a, ee . en 


BENE CATING” 308? : (17.11) 17. 4] 16.52| 16.40] 16.29) 16.17] 16. 5] 15.53) 15.41] 15.29) 15, 1517 
: Pavonis, aoe 17.41] 17.34} 17.22] 17.10] 16.59} 16.47] 16.35] 16.23] 16.11] 15.59] 15.47 
BYGNE Sb: 18.- 3) 1'7.56| 17.84) 17.22| 17.11) 16.59) 16.47) 16.35) 16.23} 16.11] 15.59 } 
mete giogrr s*s . 7. 19.26] 19.19] 19. 7) 18.55) 18.44) 18.32) 18.20) 18. 8) 17.56) 17.44] 17.32 | 
Fomatnavt, . . .| 20.17] 20.10) 19.58) 19.46) 19.35} 19.23) 19.11] 18.59) 18.47] 18,35) 18.23 
RPEGASI,..)...3. » 20.25} 20.18) 20. 6) 19.54) 19.43 19.19) 19. 7| 18.55) 18.43) 18.31} 


H. M| H. M| 4H. M. H. M.| -BiGe baeeteM.| |H. M.| HH. Mi Hi, M, 


Porar Star,. . . | 20.31] 20.22/ 20.10 5| 19.83) 19.20] 19. 8] 18.55] 18.43] 18.30 
AcHERNAR,. . . . | 20.57) 20.48} 20.36) 2 19.59} 19.46) 19.84) 19.21, 19. 9} 18.56 
j ALDEBARAN, . . . | 23.53} 23.44] 23.32 22.57 22.44} 22.32) 22.19) 22. 7) 21.54 

GAPELLA YR Se,” 0.31) 0.22) 0.10} * 23.33} 23.20) 23. 8) 22.55) 22.43) 22.30 

PiGebyy eke. 0.33} 0.24) 0.12 23.37) 23.24] 23.12) 22.59} 22.4'7| 22.34 | 

BereLauese,...| 1.12 wales 3} 0.51 0.14) 0. 1) 23.59) 23.46) 23.34) 23.21 | 


| Canopus,..... 1.46] 1.39} 1.25] 1. - 0.48) 0.35] 0.23] 0.10) 23.48 23.35 | 
DIREDB EE. tlecr tc "224 1:55) 1.438 1. 6} 0.53] 0.41} 0.28) 0.16) 0. 3{ 
RPAGTOR,. « uo estaa oc 2.50| 2.41} 2.29) 2 1.52) 1.39} 1.27) .).14).. 1. 2)-°0.49 
HM GOLLUE,. Le. ¢ 3. 1) 2.52]. 2.4008 iB AeOO! VoSyed. Zope tare 1-0 | 
PARGUB avo? tase 4.37| 4.28] 4.16 3:39} 3.26) 3.14)° 3. 1) 2.49] 2.36 
RRQULUS, ss cetes 5.26| 5.17, 5. 5 4.28) 4.15) 4. 31 3.50) 3.388) 3.25 


Lad ———— ee a ne 


Dp, soi ists 6.20] 6.11) 5.59 5.22} 5. 9} 4.57) 4.44) 4.32) 4.19] 
Cross, roor Star,| 7.44} 7.35) 7.23 6.46] 6.33) 6.21} 6, 8) 5.56) 5.43 

BRIOA, 005-4 1 ee 8.42} 8.33) 8.21 7.44) 7.31) 7.19) Tae6) 6.54) 6.415 
ArRcTURUS,. ...| 9.34} 9.25) 9.13 8.46] 8.33} 8.21] 8. 8). 7.56) 7.43] 
ANTARES,..... 11.45) 11.36} 11.24 10.47} 10,84] 10.22} 10.10) 9.57) 9.44 
A one ed 20a _, | 13.57) 18.48) 13.36) 1 12.59! 12.46} 12.34] 12.21) 12. 9) 11.56} 


| crf a | | ee | eee Oe | ee OO OU" 


BUPA cers 15. 9} 15. 0} 14.48} 14.36} 14.23] 14.11] 13.58) 13.46) 13.33) 13.21) 13. 8 
PE AVONIS,. .. . < 15.89) 15.30] 15.18 15. 6| 14.53] 14.41} 14.28) 14.16) 14. © 13.51) 13.58 
Beara ob Gare . 40) 15. 15. 3) 14.50) 14.38] 14.25) 14.13) 14. 0 | 
el bles» 59D 16.26] 16.13} 16. 1) 15.48) 15.36) 15.23 
FoMALHAUT, ... 18. iB 18. 6 17.5e 17.4 1%; 29 17.17) 17. 4) 16.52) 16.39} 16.27| 16.14 
Praast,. ee 18.23} 18.14] 18. 2} 17.50) 17.87] 1'7.25] 17.12} 17. 0} 16.47} 16.385} 16.22 
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TABLE XVII. 


FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 


NAMES. 


‘Potar Star,. . 
| ACHERNAR,. . - 


CAPELLA, 
| Rigen, 


| BETELGUESE,.. . 


CaNOPUS, 


i Cross, FOOT STAR, 


SPICA, 


| ARCTURUS, Sa. ca'y 


+ ANTARES, 


FoMALHAUT, . . 


NAMES. 


| Potar Srar,... 
ACHERNAR,..:. 


ALDEBARAN, 
CAPELLA, 
| Rigen, 


BrrELGUESE,.. . 


Canopus, 
Sirius, 
Castor, 
Potuux, 


| Cross, Foor Srar, 
. . . 


SPIcA, 
ARCTURUS,.. ; 
ANTARES, 


FoMALHAUT,... 


PeEaast, 


.| 18.26 
. | 18.52) 18.44) 18.32) 18.19) 18. 2] 17.55) 17.43] 17.31] 17.19} 17. 7) 16.55 § 


ALDEBARAN, .. .« 


"190.211 20.14/20. 2 


21.36) 21.29 


THE MERIDIAN THROUGHOUT THE YEAR. 


DAY. DAY, DAY. DAY. 


9 12 


DAY. 


21 


DAY. 


24. 


DAY, 


15 


DAY. 
18 


H. M| H. M| .H. Mj H. M.| H. M. 


. H. M. . 

8.18] 18. 6] 17.531.17.41 17.29] 17.17] 17. 5] 16.53) 16.41 16.29 | 
21.48} 21.40) 21.28) 21.15] 21. 3) 20.51) 20.39} 20.27) 20.15) 20. 3) 19.51 
22.26) 22.18) 22. 6) 21.53] 21.41} 21.29} 21.17} 21.05) 20,53) 20, 41) 20.29 
22.28) 22.20) 22. 8) 21 55) 21.43) 21.31) 21.19) 21. 7} 20.55) 20,43) 20.31 
23. '7) 22.59) 22.47) 22.34) 22. 22.22) 22.10) 21.58 21.46) 21,84) 21.22) 21.10 


23.41) 23.33] 23.21] 23. 8] 22.56] 22.44| 22.32] 22. 22.20] 22. 8) 21.56) 21.44 1 
23.59} 23.51) 23.39} 23.26| 23.14) 23. 2} 22.50] 22.38} 22.26) 22.14] 22. 2 
0.45) 0.387) 0.25) 0.12} 0. 0) 23.48) 23.36) 23.24) 23.12) 23. 0) 22.48 | 
0.56) 0.48) 0.36). 0.23) 0.11) 23.59) 28.47) 23.35) 25.23) 23.11) 22.59 
2.32} 2.24) 2.12) 1.59). 1.47 1.35) 1.23) 1.11) 0.59] 0.47 ee | 


13.3 13.26 lt 3.14 ih 1 12.49 12.37 12.25 12. 13 12. WLS: 49 ll. 37 
13.56) 13.48} 18.36) 18.23) 138.11) 12.59) 12.47) 12.35) 12.28) 12.11) 11.59 
15.19} 15.11) 14.59) 14.46) 14.34) 14.22) 14.10} 18.58) 138.46) 18.34) 13.22 


. | 16.10) 16. 2) 15.50) 15.87) 15.25) 15.13) 15. 1) 14.49) 14.87) 14.25) 14.15 


16.18) 16. 8| 15.56) 15.43) 15.31} 15.19) 15. 7] 14.95) 14,43) 14.31) 14.19 


AUGUST. 


1 3 ) 9 12 | 15 


H. M. Ps. 


im | a 


H, * H, M. ; H. M. BM. 
9115.51] 15.89} 15.28) 15. 1% 
16.17) 16. 


BoM) He M) HM. 
16.21) 16.14) 16. 
16.47 16.40 16.28 


19.51 19.39 19.28 19. 17 
19.53] 19.41) 19.30) 19.19 
21. 2) 20.55! 20.43 20.52 32 20,2 20) 20. 9) 19.58 


21.17/21. 6| 20.54] 20.43 20.: 32 

21.54| 21.47) 21.35) 21.24) 21.12) 21. 1) 20.50 

22.40} 22.33) 22.21) 22.10) 2058) 21.47) 21.3 

22.51} 22.44 22.32) 22.2] 21.58) 21.47 
0.27; 0.20} 0. 8 23.57 23.45 pies 23.23] 2 
1.16) 1. 9 _ 9.57) 0.46 


“1,51 5] 
3.15 
4.138 
5, 5 
7.16 
9,28 
10.59} 10,52) 10.40 
11.29) 11.22} 11.10 
11.51] 11.44} 11.32 


20.23} 20.16) 20. 4 


20,21) 20. 9 


19.58) 19.48 
20.39] 20,27] 20.16 5 
} 21.25) 21.13) 21. 


21.36) 21,24 21.18 2 


1.28) 1.17 
2.52}. 2.41 
3.90) 3.3 
4,42 


4.5] 
6.53} 6.42 
9. 5 


0.55 0.43 

2.9} Beal 

27: 2h 
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FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 
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§ Cross, Foor Srar. 1.20) 1. 9} 0.59) 0.48} 0.37) 0.26) 0.15} 0. 5) 23.54] 
rESPTO AL . 00 A itis PIS 2 Th LO Leo LiB5| Pee el a 3 0.52 § 
ARCTURUS,.... 3.10) 2.59) 2.49) 2.88) 2.27) 2.16) 2: 5) 155) 144} 
PNTARES,. (7. 3, 5.21} 5.10) 5. 0} 4.49) 4.38) 4.27) 4:16) 4. 6) 3.55] 
eV RIGA TE Te ao «acs 7.38) 7.22) 7. TQ 7, 1, -6.50) * 6:89) 6:28): 6.48) “6, 71 
PRE AIGS eyes ts 8.45] 8.34) 8.24) 8.13] 8. 2) 7.51) 7.40) 7.80] 7.19} 
PAVONIS;. 5). 9.15] 9. 4| 8.54) 8.43) $8.82] 8.21} 8.10) 8. 0} 7:49§ 
SVEN re ihe es 9.37) 9.26) 9.16) 9. 5} 8.54) 8.43) 8.32) 8.22) S.T1g 
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TABLE XVIII. 


FOR FINDING THE APPARENT TIME OF 24 OF THE PRINCIPAL STARS PASSING 
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TABLE XIX. 
PLACES OF 24 OF THE PRINCIPAL FIXED STARS, FOR THE YEAR 1854. 


NAME, RIGHT ASCENSION. |ANNUAL VAR DECLINATION. |ANNUAL VAR, 
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Sign + means add. Sign — means subtract. 


TABLE XX. 


CORRECTION TO BE SUBTRACTED FROM THE OBSERVED ALTITUDE OF A FIXED 
STAR, OR A PLANET, TO FIND THE TRUE ALTITUDE. 


HEIGHT OF THE EYE ABOVE THE SEA BN FEET. 
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TABLE XXI. 


TO FIND THE LATITUDE BY AN ALTITUDE OF THE POLAR STAR. 


EXPLANATION OF THE TABLE, 
WHICH IS CALCULATED FOR THE YEAR 1854. 
Enter the side column, with the Right Ascension oes : . 
of the Meridian and the Altitude of the Star at the centr nk ERE A 
top, and at the angle of meeting will be the required | ;, 4 dditive 
correction. : 
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TABLE XXII. 


CORRECTION OF THE TIME OF THE MOON’S MERIDIAN PASSAGE, OVER THE 
MERIDIAN OF GREENWICH, TO THE TIME OF HER PASSAGE 
OVER ANY OTHER MERIDIAN, 


DAILY VARIATION OF THE MOON’S PASSING THE MERIDIAN. 


LONGITUDE. 


M. M. M, M. M. M. M. M. M. M. M, M. M. M. 
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The Sums taken from this Table must be added to the time of the Moon’s Meridian Passage in the 
Nautical Almanac, in West Longitude, and subtracted in East, will give the Mean Time of her Meridian 
Passage at the Ship. 


Oe Ee eee ee Ce ee 


NNNNoo oo ee ee eae ee ee |e ee ee ee 


FOR ODD 
MINUTES. 


SOS | aR A| OR V09 09 29 | 29.00 co HHH HH 1 19 1 | 11 HO 
SOSSCOSClH HAA |S AHHH ARARRANMNl| RANRAANR| 9 09 09 69 20 


MDABADMErINe ADAM OCHAMDANArFAoOAnNnco|wMatoOMr[(Nrawseon ; ve) 
ee moan De seee tan mt | ORR OD OD SH OH RoR a: hgh CRA 


Sooocoo|oocoo O80 Cf rs we rs wf Ss mK SBI NNANANNINNAQNQANINANA 901/00 OO 
HONrswMOl( AMreNOS Pape oS. Co G2 T= NO OS sede Sera Ne 


y as 12 hours is to the 
ast Greenwich Noon or 


Pat ORG] DOS OD SH SH OD Tm OOOO OO SH | SH HO uO mt CROR OD | OO OD SH SH 1M 10 | 10 
CSoocoocoo!|ooocooCc O/C Cnt sss See ee SH RRQIRMRRARAAIRARARA MN 6D OO 


aANwvortrlHwnanvo pos ea eal ok m1 O 


Pp 


pplied to the Declination at the preceding Noon or Midnight, 


Hud 10 ets NO OD | OO OD SH OS or 1 | 0 met | ONO OD OD OD | SOSH OSH 
me ts I NUNN NNINANQNNIQANQI NAN 
REnS RAGES |S 5 eae SE RAS R/RRS 


0 
0 
1 
1 
1 


0 
53 
57 

0 


mars mt NIT NR OD GO OO SH | SM OSH 1 16 8 SN I NNO 
BIN I MR ANOQAMQAAQAQ LVL 
COO OQIOe So eee = 

— 


0 
i 


ce A coe oe Oe oe | 


principle :—Rule, Sa 
2 hours, so is the time 


0 
2 


met et RR | OD OD OD OO SH SH] SHO 10 WD 


NiWMoONwWlrorRWwore|(NAnrons 


Po mt mt | md GR GR GR GR CO | OD CO OD SH SH SH ot 


7 
0 


OBSERVATION. 
Li S2 tiie 


s 
* 
ea 
tool 
jaa) 
<a 
H 


NMODON!/ WO Ds 96 
— Ss) = SSN 


wr] 


pon the following 
g. 


HOURS FROM NOON OR MIDNIGHT. 
1.$4)-1 52 
eclination in 1 


1 
1 
1 
1 
g or decreasin 


moa Gl =H 6 te 


1 
2 
4 
5 
, Which must bea 


9 
50 
1 

0 55/1 13 


3 45 10 19/0 37/0 56)1 15 


ae 
ee | 


0 
9/0 
0|0 


| ——_ 


12}0 19|}0 25)0 31/0 37/0 44/0 5 
13}0 20|0 27/0 33)0 40/0 47/0 


14/0 21/0 28/0 385)0 42/0 5 
15/0 22/0 30/0 37/0 45/0 5 


0 11/0 16/0 22/0 27/0 32/0 88/0 48/0 
3 


0 12/0 17/0 23/0 29|0 35/0 41)0 47 


0 37 


(ae) fm YN ae fe Ye) Cem, 
Ostet NANQLN 


oOoooco & 
GQ GD SH SH 1 16 


0 
0 
0 
0 
0 


5 
6 
6 
7 
i; 
z 


C.0 O.0°9O 0 |O OO CO O;}|o co'o o'S'S 


FOR REDUCING THE MOON’S DECLINATION TO THE GREENWICH TIME OF THE 


Note.—This Table is constructed u 
difference or change in the Moon’s D 


Mmowmwowo);1dgo1oWowoe 
m= ret RR OD | OOD SH SH 1D 1 


eooooc oS 


according as it is increasin 


Midnight to the Correction 


20 10 17/0 33/0 5 
4\;0 5 
ny Ord 

$8 35 10 18/0 86/0 54]1 12/1 30/1 


Diff. of 

Moon’s 

Declina- 

tion in 12 

2 4010 13}0 

24510 14/0 27/0 4 

2 5010 14/0 28 
25510 15/0 2 

6 010 15108 
SueveeipsO $110 461.) 241.1 
3 1010 16/0 32/0 47/1 
3 15 ]0 16/0 82/0 4 

3 

8 25 80-17 

3 30 10 17 

3 40/0 18 


a a 2a A Oe Bi 
: WSS Sent a . eo ‘ 


TABLE XXIV. 


| CORRECTION OF THE MOON’S SEMIDIAMETER, OR HORIZONTAL PARALLAX, FOR ANY | 
GIVEN TIME BETWEEN NOON AND MIDNIGHT, OR OF THE SUN OR A PLANET'S 
DECLINATION FOR A GIVEN TIME FROM THE PRECEDING NOON. 
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NOON OR 
MIDNIGHT. 


VARIATION OF THE @) OR PLANETS’ DECLINATION IN 24 HOURS. 


TIME AFTER 


Nore—Enter this Table with the Time from Greenwich Noon or Midnight in the left side column, 

f and the difference or change in the Semidiameter and Horizontal Parallax in 12 hours at the top, and at 
the angle of meeting, will be the correction; or, enter the right side of the Table with the Time from 
Greenwich Noon, and the difference or change of the Sun or Planet’s Declination, at the bottom, and at 

y the angle of meeting, will be the correction, to be applied according as they are increasing or decreasing. 


TABLE XXYV. 


CONTAINING THE CORRECTION FOR THE MOON’S PARALLAX IN ALTITUDE, me a 
IN MINUTES AND TENTHS, WHICH IS ALWAYS ADDITIVE TO THE 
APPARENT ALTITUDE. 
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59’ | 60’ | 61" f 


i] 
m2 


57’ | 58’ | 59’ | 60’ | 61’ 
14 / / / / : 

46:9] 47:9] 48-9} 49-9/50-9 
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Enter this Table with the Apparent Altitude at the side, and the Horizontal Parallax at the top, and 


at the angle of meeting will be the required correction; and if Seconds be required, multiply the 
Tenths by “6 will give Seconds. 
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TABLE XXV 
TO TURN DEGREES INTO TIME, OR, TIME INTO DEGREES. 
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0.32 
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LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


LATITUDE, OR POLAR DISTANCE, SECANT. 
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00C68 
00068 
00069 
00070 
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> | 00073 
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00074 
00075 
00076 
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00454 | 00571 
00455 | 00573 
00457 | 00575 
00459 


00461 
00463 
00465 
00467 

00468 


00470 
00472 
00474 
00476 
00478 


00480 
00482 


00483 
00485 27 | 
00487 26 


00489 25 
00491 24 
00493 | 23 | 
00495 22 § 
00497 21 


00499 20 
00501 19 | 
00503 18 
00505 17 | 
00506 16 
00508 15 
00510 14 
00512 13 | 
00514 12 
00516 11 
0.00005 00518 10 
00005 00520 79 
00005 00522 s 
00005 00524 7 | 
00005 00101 00526 | 00652 | 6 
0 00006 00102 00528 | 00654] 5 
00006 00102 00530 | 00656 | 4 
00006 00103 00532 | 00658 | 3 | 
00006 00104 00534 | 00660 | 2 
00006 00105 00536 | 00663 | 1 | 
00006 00538 | 00665 | 0 
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TABLE XXVIL 


LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


LATITUDE, OR POLAR DISTANCE. 


3° ° ° o Os oO oO oO ° 


oO ° 12) ° 
M. |10 or 100 |11.101 |12.102 [13.103 |14.104 {15.105 |16.106 |17 107 18.108 


° ° 


00360 | 01128 | 01310 01716 
00962 | 01131 | 01313 01719 
00965 | 01133 | 01316 01723 
00968 | 01136 | 01319 01727 
00970 | 01139 | 01322 01730 


00976 |} 01145 | 01329 01738 
00978 | 01148 | 01332 01741 
00981 | 01151 | 01335 01745 
00984 | 01154 | 01338 01748 
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00989 | 01160 | 01344 01756 
00992 | 01163 | 01348 01760 
00995 | 01166 | 01351 01763 
00998 | 01169 | 01354 01767 


01000 | 01172 | 01357 

01003 | 01175-| 01360 01774 
| 01006 | 01178 | 01364 01778 

01009 | 01181 | 01367 D 01782 

01011 | 01184 | 01370 01785 
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01187 | 01373 01789 


01190 | 01377 01793 
01193 | 01380 01796 
01196 | 01383 01800 
01199 | 01386 


0.00722 01202 | 01390 01808 
00724 01205 | 01393 01811 
00726 | 0087: 01208 | 01396 01815 
00729 01211 | 01399 01819 
00731 01214 | 01403 01823 


00733 01217 | 01406 | 01609 | 01826 
00736 38: 01220 | 01409 | 01612 | 01830 
00738 01223 | 01412 | 01616 | 01834 
00740 é : 01226 | 01416 | 01619 | 01838 
: 00743 01229 | 01419 | 01623 | 01841 


00894 | 01056 | 01232 | 01422 01845 


00896 | 01059 | 01235 | 01426 01849 
~ 00899 | 01062 | 01238 | 01429. 5 01853 
00301 | 01064 | 01241 | 01432 01856 
00904 | 01067 | 01244 | 01435 01860 


0.00757 | 00907 | 01070 | 01247 | 01439 01864 


00759 | 00309 | 01073 | 01250 | 01442 01868 
00762 | 00912 | 01076 | 01254 | 01445 01871 
00764 | 00914 | 01079 | 01257 | 01449 01875 
00767 | 00917 01081 | 01260 01452 01879 


0.00769 | 09920 | 01084 | 01263 | 01455 ; 01883 


00771 | 00922 | 01087 | 01266 | 01459 01887 
00774 | 00925 | 01090 | 01269 | 01462 01890 
00776 | 00928 | 01093 | 01272 | 01465 01894 


00779 | 00330 | 01096 | 01275 | 01469 01898 


0.00781 | 00933 | 01099 | 01278 | 01472 01902 
00783 | 00936 | 01102 | 01281 | 01475 ; 01906 
00786 | 00938 | 01104 | 01285 | 01479 01910 

- 00788 | 00941 | 01107 | 01288 | 01482 01913 
00791 | 00944 | 01110 | 01291 | 01485 ¢ 01917 


00793 | 00946 | 01113 | 01294 01921 


00796 | 00349 | 01116 | 01297 149 01925 
00798 | 00952 | 01119 | 01300 01929 
00800 | 00954 | 01122 | 01303 01933 
00803 | 00957 | 01125 | 01306 : 01937 
00805 | 00960 | 01128 | 01310 01940 
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02490 
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TABLE XXVIII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 
LATITUDE, OR POLAR DISTANCE. SECANT. 


° 0.3 lo obser TOSI oO 


| Oo ° ° ° ° ° oO ° oO ° te) ° 
AM. |20 or 110 21.111 |22.112 (23.113 |24.114 |25.115 26.116 27 117 28.118 (29.119 


02985 | 03283 | 03597 | 03927 | 04272 05012 
02990 | 03289 | 03603 | 03933 | 04278 05018 
02995 | 03294 | 03608 | 03938 | 04284 ; 05025 
02999 | 03299 | 03613 | 03944 | 04290 05031 
03004 | 03304 | 03619 | 03950 | 04296 9 | 05038 


03009 | 03309 | 03624 | 03955 | 04302 05044 05853 
03014 | 03314 | 03630 | 03961 | 04308 05051 05860 
03019 | 03319 | 03635 | 03966 | 04314 é 05057 05867 
03024 | 03324 | 03640 | 03972 | 04320 05064 05874 
03029 | 03330 | 03646 | 03978 | 04326 05070 05881 


03034 | 03335 | 02651 | 03983 | 04332 5 05888 
03038 | 03340 | 03657 | 03989 | 04337 
03043 | 03345 | 03662 | 03995 | 04343 
03048 | 03350 | 03667 | 04000 | 04349 
03053 | 03355 | 03673 | 04006 | 04355 


03058 | 03360 | 03678 | 04012 | 04361 
03063 | 03366 | 03684 | 04018 | 04367 
03068 | 03371 | 03689 | 04023 | 04373 
03073 | 03376 | 03695 | 04029 | 04379 : 05945 
03078 | 03381 | 03700 | 04035 | 04385 D 05952 


.02794 | 03083 | 93386 | 03706 | 04040 | 04391 05959 
02799 | 03088 | 03392 | 03711 | 04046 | 04397 05966 
02804 {| 03093 | 03397 | 03716 | 04052 | 04403 | 02 BE 05973 
62808 | 03097 | 03402 | 03722 | 04058 | 04409 05980 
02813 | 03102 | 03407 | 03727 | 04063 | 04415 05988 


.02818 | 03107 | 03412 | 03733 | 04069 | 04421 05576 | 05995 
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02822 | 03112 | 03418 | 03738 | 04075 | 04427 05583 | 06002 
02827 | 03117 | 03493 | 03744 | 04080 | 04439 05590 | 06009 
02832 2 | 93498 | 03749 | 04086 | 04439 U5596 | 06016 
02837 03433 | 03755 | 04092 | 04445 05603 | 06023 

| 0.02841 03438 | 03760.| 04098 | 04451 06030 
02846 03444 | 03766 | 04103 | 04457 | | 06037 
02851 03449 | 03771 | 04109 | 04463 06045 
02855 03454 | 03777 | 04115 | 04469 06052 
02860 03459 | 03782 | 04121 | 04475 | 02 06059 


. 02865 ‘ 03465 04127 | 04481 
02870 03470 3 | 04132 | 04487 
02874 03475 04138 | 04493 
02879 03480 04144 | 04500 
02884 03486 04150 | 04506 


02889 03491 04156 | 04512 
02893. | 1 03496 ¢ 04161 | 04518 
02898 03502 4 04167 | 04524 
02903 3] 03507 04173 | 04530 
02908 03512 04179 | 04536 


02913 | ¢ 04185 | 04542 

02917 04190 | 04548 
04196 | 04554 
04202 | 04560 | 
04208 | 04566 
04214 | 04573 
04220 | 04579 
04225 | 04585 
04231 | 04591 
04237 | 04597 


04243 | 04603 
04249 | 04609 
04255 | 04616 
04261 | 04622 
04267 | 04628 
04272 | 04634 
65 | > 64 
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TABLE XXVII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 
LATITUDE, OR POLAR DISTANCE. SECANT. 


° ° ° ie) ° oO 


o> 6 jos -o°e) jor o Ol Onder Int o/¥ 1° 
M. |30 or 120 |31_121 (32.122 .123 |34.124 |85.125 |36.126 ‘ 38.128 {39.129 


0.06247 | 06693 | 07158 08143 | 08664 | 09204 
06254 | 06701 | 07166 08151 "| 08672 | 09213 
06262 | 06709 | 07174 08160 | 08681 | 09223 
06269 | 06716 | 07182 08168 | 08690 | 09232 
06276 | 06724 } 07190 08177 | 08699 | 09241 


06283 | 06731 | 07197 08185 | 08708 | 09250 
06291 | 06739 | 07205 08194 | 08717 | 09259 
06298 | 06747 | 07213 08202 | 08726 | 09269 
06305 | 06754 | 07221 08211 | 08734 | 09278 
| 06313 | 06762 | 07229 08219 | 08743 | 09287 


.06320 | 06770 | 07237 08228 | 08752 | 09296 
06327 | 06777 | 07245 | 08237 | 08761 | 09306 
06335 | 06785 | 07253 08245 | 08770 | 09315 
06342 | 06793 | 07261 08254 | 08779 | 09324 
06350 | 06800 | 07269 08262 | 08788 | 09333 


.06357.| 06808 | 07277 08271 | 08797 | 09343 
06364 | 06816 | 07285 08280 | 08806 | 09352 
06372 | 06823 | 07293 08288 | 08815 | 09361 
06379 | 06831 | 07301 08297 | 08824 | 09370 
06386 | 06839 | 07309 08305 | 08833 | 09380 


06394 | 06846 | 07317 08314 | 08842 
06401 | 06854 | 07325 08323 | 08851 
06409 | 06862 | 07333 08331 | 08859 
06416 | 06869 | 07341 08340 | 08868- 
06423 | 06877 | 07349 08349 | 08877 


.06431 | 06885 | 07357 08357 | 08886 
06438 | 06892 | 07365 08366 | 08895 
06446 | 06900 | 07373 08375 | 08904 
06453 | 06908 | 07381 08383 | 08913 
06461 | 96916 | 07389 08392 | 08922 


.06468 | 06923 | 07397 08401 | 08931 
06475 | 06931 | 07405 08409 | 08940 
06483 | 06939 | 07413 08418 | 08949 
06490 | 06947 | 07421 08427 | 08958 
06498 | 96954 | 07429 08435 | 08967 


).06505 | 06962 | 07437 08444 | 08977 
06513 | 06970 | 07445 08453 | 08986 
06520 | 06978 | 07454 08462 | 08995 
06528 | 06986 | 07462 : 08470 | 09004 
06535 | 96993 | 07470 08479 | 09013 


.06543 | 07001 | 07478 3 | 08488 | 09022 
06550 | 07009 | 07486 | 08496 | 09031 
06558 | O7017 | 07494 08505 | 09040 
06565 | 07024 | 07502 |. 08514 | 09049 
06573 |. 07032 | 07510 | 0 08523 | 09058 


_06580 | 07040 | 07518 08531 | 09067 
06588 | 07048 | 07527 08540 | 09076 
06595 | 07056 | 07535 08549 | 09085 
06603 | 07064 | 07543 08558 | 09094 
06610 | 07071 | 07551 08567 | 09104 


06618 | 07079 | 07559 08575 | 09113 
06625 | 07087 | 07567 08584 | 09122 
06633 | 07095 | 07575 08593 | 09181 
06640 | 07103 | 07584 08602 | 09140 
06648 | 07111 | 07592 | 08611 | 09149 


.06656 | 07119 | 07600 09158 
06663 | 07126 | 07608 09168 
06671 | 07134 | 07616 09177 
06678 | 07142 | 07624 09186 
06686 | 07150 | 07633 09195 
06693 | 07158 | 07641 09204 
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211575 
11585 
11596 
11606 
11617 


‘11628 


11638 
11649 
11660 
11670 


.11681 


11692 
11702 
11713 
11724 


.11734 
11745 
11756 
11766 
11777 


.11788 


11831. 


11885 


11799 
11809 
11820 


.11842 
11852 
11863 
11874 


.11895 
11906 
11917 
11928 
11939 


11949 


11960 
11971 
11982 
11993 


.12004 
12015 
12025 
12036 
12047, 


.12058 
12069 
12080 
12091 
12102 


.12113 


12156 


12222 


12123 
12134 
12145 


.12167 
12178 
12189 
12200 
12211 


1°] ° 


1.131 


12222 
12233 
12244 
12255 


12266 


12277 
12288 
12299 
12310 
12321 


12332 
12343 
12354 
12365 
12376 


12387 
12399 
12410 
12421 
12432 


12448, 
12454 
12465 
12476 


12487 


12499 
12510 
12521 
12532 


12543 


12554 
12566 
12577 
12588 
12599 


12610 
12622 
12633 
12644 


12655 


12666 
12678 
12689 
12700 
12712 


12723 
12734 
12745 
12757 


12768 


12779 
12791 
12802 
12813 


12825 


12836 
12847 
12859 
12870 
12881 


12893 


° ° 


42.132 


12893 
12904 
12915 
12927 
12938 


12950 
12961 
12972 
12984 
12995 


13007 
13018 
13030 
13041 
13053 


13064 
13076 
13087 
13098 
13110 
13121 
13133 
13145 
13156 
13168 


13179 
13191 
13202 
13214 
13225 


13237 
13248 
13260 
13272 
13283 


13295 
13306 
13318 
13330 
13341 


13353 
13365 
13376 
13388 
13400 


13411 
13423 
13435 
13446 


13458 


13470 
13482 
13493 
13505 
13517 


13528 
13540 
13552 
13564 
13575 
13587 


TABLE XXVIII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 
LATITUDE, OR POLAR DISTANCE, 


° ° 


43.133 


13587 
13599 
13611 
13623 


13634 


13646 
13658 
13670 
13682 
13694 


13705 
13717 
13729 
13741 
13753 


13765 
13777 
13789 
13800 
13812 


13824 
13836 
13848 
13860 


13872 | 


13884 
13896 
13908 
13920 
13932 


ie) ° 


14307 
14319 
14331 
14343 


14368 
14380 
14392 
14404 
14417 


14429 
14441 
14453 
14466 
14478 


14490 
14503 
14515 
14527 
14540 


14552 
14564 
14577 
14589 
14601 


44.134 


14355 


° oO 


45.135 


15051 
15064 
15077 
15089 
15102 


15115 
15127 
15140 
15153 
15165 


15178 
15191 
15204 
15216 
15229 


15242 
15255 
15267 
15280 
15293 


15306 
15318 
15331 
15344 
15357 


° 


15823 
15836 
15849 
15862 


15875 


15888 
15901 
15915 
15928 
15941 


15954 
15967 
15980 
15994 
16007 


16020 
16033 
16046 
16060 
16073 


16086 
16099 
16113 
16126 
16139 


14614 
14626 
14639 
14651 
14663 


13944 
13956 
13968 
13980 
13992 


14004 
14016 
14028 
14040 


14052 


14064 
14076 
14088 
14100 
14112 


14124 
14136 
14149 
14161 


14173 


14185 
14197 
14209 
14221 


14676 
14688 
14701 
14713 
14726 


14738 
14750 
14763 
14775 
14788 


15370 
15382 
15395 
15408 


15421 


15434 
15447 
15460 
15472 
15485 


15498 
15511 
15524 
15537 
15550 


16152 
16166 
16179 
16192 


16205 


16219 
16232 
16245 
16259 
16272 


16285 
16299 
16312 
16326 
16339 


14800 
14813 
14825 
14838 
14850 


14863 
14875 
14888 
14900 


14234 


14246 
14258 
14270 
14282 
14294 
14307 


14913 


15563 
15576 
15589 
15602 
15615 


16352 
16366 
16379 
16392 
16406 


15627 
15640 
15653 
15666 


15679 


15692 
15705 
15718 
15731 
15745 


15758 
15771 
15784 
15797 
15810 


15823 


44° 


POLAR DISTANCE, 


16419 
16433 
16446 
16460 
16473 


16487 
16500 
16514 
16527 


16541 


16554 
16568 
16581 
16595 
16608 


16622 


o|o ° 
46.136 {47 .137 


16622 
16635 
16649 
16662 
16676 


16689 
16703 
16717 
16730 
16744 


16758 
16771 
16785 
16798 
16812 


16826 
16839 
16853 
16867 
16880 


16894 
16908 
16922 
16935 


16949 


° ° 


48.138 


17449 
17463 
17477 
17491 


SECANT. 


oes 
49.139 


17505 


17519 
17533 
17547 
17561 
17576 


17590 
17604 
17618 
17632 
17646 


17660 
17674 
17689 
17703 
17717 


17731 
17745 
17760 
17774 


17788 


17802 
17816 
17831 
17845 


17859 


17874 
17888 
17902 
17916 


17931 


17945 
17959 
17974 
17988 


18002 


18017 
18031 
18045 
18060 
18074 


18089 
18103 
18118 
18132 
18146 


18161 
18175 
18190 
18204 


18219 


18233 


CO-SECANT, 


°o °o ° 
M. 50 51 52 
0 | 0.19193 | 20113 | 21066 
1 19208 | 20128 | 21082 
2 19223 | 20144 | 21098 
3 19238 | 20160 | 21114 
4 19254 | 20175 | 21131 f 
5 | 0.19269 | 20191 | 21147 
6 19284 | 20207 | 21163 
7 19299 | 20222 | 21179 
8 19314 | 20238 | 21195 
) 19329 | 20254 | 21212 
10 | 0.19344 | 20269 | 21228 
11 19359 | 20285 | 21244 
12 19374 | 20301 | 21261 
13 19390 | 20316 | 21277 
14 19405 | 20332 | 21293 
15 | 0.19420 | 20348 | 21309 
16 19435 | 20364 | 21326 
17 19450 | 20379 | 21342 
18 19466 | 20395 | 21358 
| 19 | 19481 | 20411 | 21375 
20 | 0.19496 | 20427 | 21391 
21 19511 | 20442 | 21408 
722 | 195297 | 20458 | 21424 
A 23 19542 | 20474 | 21440 
24 | 19557 | 20490 | 21457 
A 25 | 0.19572 | 20506 | 21473 
26 19588 | 20522 | 21490 
27 19603 | 20537 | 21506 
28 19618 | 20553 | 21522 
129 | 19634 | 20569 | 21539 
30 | 0.19649 | 20585 | 21555 
31 19664 | 20601 | 21572 
32 19680 | 20617 | 91588 
133 19695 | 20633 | 21605 
34] 19710 | 20649 | 21621 
4 35 | 0.19726 | 20665 | 21638 
36 19741 | 20681 | 21654 
37 19756 | 20696 | 21671 
38 19772 | 20712 | 21687 
39 | 19787 | 20728 | 21704 
40 | 0.19803 | 20744 | 21720 
f 41 19818 | 20760 | 21737 
AQ 19834 | 20776 | 21754 
43 19849 | 20792 | 21770 
H 44 19864 | 20808 | 21787 
45 | 0.19880 | 20824 | 21803 
46 19895 | 20840 | 21820 
AT 19911 | 20856 | 21837 
48 19926 | 20872 | 21853 
AQ 19942 | 20889 | 21870 
50 | 0.19957 | 20905 | 21887 
51 19973 | 20921 | 21903 
52 19988 | 20937 | 21920 
1 53 20004 | 20953 | 21937 
ey! 20019 | 20969 | 21953 
55 | 0.20035 | 20985 | 21970 
56 20089 | 21001 | 21987 
57 20066 | 21017 | 22003 
58 20082 | 21033 | 22020 
59 20097 | 21050 | 22037 
60 20113 | 21066 | 22054 


39° 38° 37° 


22289 


22374 


22459 


22647 


22715 


23078 


° ° 
53 54 
22054 
22070 
22087 
22104 
22121 


22138 
22154 
22171 
22188 
22205 

22229 
92239 
22.256 
22273 


23078 
23096 
23113 
23130 
23148 


23183 
23200 
23218 


23253 
23270 
23288 
23305 
23323 
22306 
22323 
22340 
22357 


23340 
23358 
23375 
23393 
23410 


(23165 


23235 


TABLE XXVII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


LATITUDE, 


.°] 
55 
24141 
24159 
24177 
24195 
24213 


24231 
24249 
24267 
24286 


24304 


24322 
24346 
24358 
24376 
24395 


24413 
24431 
24449 
24467 
24486 


22391 
22408 
22425 
22442 


23428 
23446 
23463 
23481 


23516 
23534 
23552 
23569 
23587 


23622 
23640 
23658 


23693 
23711 
23729 
23747 


22664 
22681 
22698 


22732 
22750 
22767 
22784 
22801 


23782 
23800 
23818 
23836 


22819 
22836 
22853 
22870 
22888 


23871 
23889 
23907 
23925 

23943 
23961 
23979 
23997 
24015 
24033 


22905 
22922 
22939 
22957 
22974 


22991 
23009 
23026 
23043 
23061 


24051 
24069 
24087 
24105 
24123 


36° 


23499 


23605 


23676 


23764 


23854 


24141 


POLAR DISTANCE, CO-SECANT., 


24504 
24522 
24541 
24559 


24577 


24595 
24614 
24632 
24650 
24669 


24687 
24706 
24724 
24742 
24761 


24779 


24798 
24816 
24835 
24853 


24872 


24890 
24909 
24927 
24946 


24964 


24983 
25001 
25020 


25039 


25057 
25076 
25094 
25113 
25132 


——S | | | OO | ——_- —__ |__| 


25150 
25169 
25188 
25206 
25225 


25244 


eRe 2 Le ere eee) ee eee (ee ae 
— _—_ 


26389 
26409 
26428 
26448 
26467 


26487 
26506 
26526 
26545 


26565 


26584 
26604 
26623 
26643 
26663 


es | re CO 


26682 
26702 
26722 
26741 
26761 


26781 
26800 
26820 
26840 
26860 


26879 
26899 
26919 
26939 


26959 


26978 
26998 
27018 
27038 


27058 


27078 
27098 
27117 
27137 
27157 


27177 
27197 
27217 
27237 


27257 


27277 
27297 
27317 
27337 


27350 


27378 
27398 
27418 
27438 


27458 


27478 
27498 
27518 
27539 
27559 
27579 


32° 


SECANT. 


Ss) aa 


Slorrowm a 


TABLE XXVIL. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


LATITUDE. SECANT. 


° ° ° ° ° ° 
60 : 63 64 66 67 69 
.30103 34295 | 35816 39069 | 40812 44567 
30125 34320 | 35842 39097 | 40842 44600 
30147 34345 | 35868 39125 | 40872 44633 
30169 34370 | 35894 39154 | 40902 44666 
30191 34395 | 35920 : 39182 | 40931 44699 


.30213 34420 | 35946 39211 | 40961 44732 
30235 | 3158 : 34444 | 35972 39239 | 40991 44765 
30257 5 | 34469 | 35998 39268 | 41021 44798 
30279 34494 | 36024 39296 | 41051 ’ 44831 
30301 34519 | 36050 39325 | 41081 44864 


.30323 
30345 
30367 
30389 
30411 


30433 
30455 
30477 
30499 
30521 
30544 ( : 37951 
30566 37979 
30588 | 38006 
30610 38034 
30632 38061 


.30655 | 32018 A: AQS 38089 
30677 | 32041 38117 
30699 | 32064 22144 
30721 | 32087 38179 
30744 | 32110 38200 


.80766 | 32134 - 50¢ 38227 
30788 | 32157 : 38255 
30811 | 32180 38283 
30833 | 32204 l 38311 
30856 | 32227 ; 9 | 36708 | 38338 


.30878 | 32250 36734 | 38366 
30900 | 32274 f 36761 | 38394 
30923 | 32297 36787 | 38422 
30945 | 32320 52! 36814 | 38450 
30968 | 32344 |: : 35841 | 38478 | 40192 : 43882 


.30990 | 32367 36867 | 38506 | 40222 “ | 43915 
31013 | 32391 é 36894 | 38534 | 40251 43947 
31035 | 32414 | 3385 36921 | 38562 | 40280 43979 
31058 | 32438 |} 338° 36948 | 385'0 | 40310 44012 
31080 | 32461 | 33901 5¢ 36974 | 38618 | 40339 44044 


.31103 | 32485 | 33925 37001 | 38646 | 40368 
31125 | 32508 | 33950 | 37028 | 38674 | 40398 
31148 | 32532 | 33975 | 35431 | 37055 | 38702 | 40427 
31171 | 32555 | 33999 37082 | 38730 | 40457 
31193 | 32579 | 34024 37108 | 38758 | 40486 | 42300 


.31216 | 32602 | 34048 37135 | 38786 | 40516 | 42331 
31238 | 32626 | 34073 37162 | 38814 | 40545 | 42362 
31261 | 32650 | 34098 37189 | 38842 | 40575 | 42393 
31284 | 32673 | 34122 37216 | 38871 | 40604 | 42424 
31306 | 32697 | 34147 37243 | 38899 | 40634 | 42455 


.31329 | 32720 | 34172 7 | 37270 | 38927 | 40664 | 42486 | 44403 
31352 | 32744 | 34196 | 37297 | 38955 | 40693 44436 
31375 | 32768 | 34221 D 37324 | 38984 | 40723 44468 
31397 | 32792 | 34246 37351 | 39012 | 40753 44501 
31420 | 32815 | 34271 | 35790 | 37378 | 39040 | 40782 44534 
31443 | 32839 | 342 5 | 35815 | 37405 | 39069 | 40812 44567 | 46595 


29 37° 26° o5 24 9: Q7°°*o) eo" M 
POLAR DISTANCE, CO-SECANT. 


= 
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TABLE XXVII. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 
LATITUDE, SECANT. 


° ° ce] oO ° 
73 74 75 |) 276 77 | 
51002 | 53406 | 55966 | 58700 | 61632 | 64791 | 68212 
51041 | 53448 | 56010 | 58748 | 61683 | 64846 | 68272 
51089 | 53489 | 56054 | 58795 | 61734 | 64901 | 68331 
846 | 51119 | 53531 | 56099 | 58842 | 61785 | 64956 | 68391 
48883 | 51'58 | 53572 | 56143 | 58890 | 61836 68451 | 72201 


48920 | 51197 | 53614 | 56187 | 58937 | 61887 3 | 68510 | 72266 
46804 | 48957 | 51236 | 53655 | 56231 | 58984 | 61938 512 68570 | 72332 
46839 | 48993 | 51275 | 53697 | 56276 | 59032 | 61989 68630 | 72398 
46874 | 49030 | 51314 | 53738 | 56320 | 59079 | 62040 | 652: 68690 | 72463 
46908 | 49067 | 51353 | 53780 | 56365 | 59127 | 62091 928 68750 | 72529 


51393 56409 | 59175 | 62142 ‘ 68811 | 72595 
56454 | 59222 | 62194 68871 | 72661 

56498 | 59270 | 62245 | 65< 68932 | 72727 

96543 | 59318 | 62297 68992 | 72794 

56588 | 59366 | 62348 69053 | 72860 

56633 | 59414 | 62400 06% 69113 | 72927 

56677 | 59462 | 62451 69174 | 72993 

56722 | 59510 | 62503 69235 | 73060 

56767 | 59558 2555 69296 | 73127 

54199 | 56812 | 59606 | 62607 69357 | 73194 


54242 | 56857 | 59654 | 62659 90@%} 69418 | 73261 
54284 | 56902 | 59703 | 62711 957°} 69479 | 73328 
54326 | 56947 | 59751 | 62763 } 69541 | 73395 
54368 | 56992 | 59800 | 62815 | 6606 69602 | 73462 
54411 59848 | 62867 69664 | 73530 


AOKH4 9§ 54453 33 | 59897 | 62919 69725 
49702 54496 59945 | 62972 ‘ 69787 
49739 54538 59994 | 63024 , 69849 
A9777 54581 60042 | 63076 69910 
49815 ; 54623 60091 | 63129 69972 


49852 3 | 54666 60140 | 63181 70034 
49890 ; 54708 v% 60189 | 63234 5523 | 70097 
49928 54751 60238 | 63287 | 66: 70159 
49966 | 52: 54794 60287 | 63340 70221 
50004 : 54837 60336 | 63392 70284 | 74210 


50042 54880 9 | 60385 | 63445 2 | 70346 | 74279 
50080 | 52: 54923 4 | 60434 | 63498 70409 | 74348 
50118 | 5: 54965 60483 | 63551 | 66867 | 70471 | 74417 
50156 | 52: 55008 60533 | 63605 | 66925 | 70534 | 74486 
50194 | 52548 | 55052 | 57722 | 60582 | 63658 | 66982 | 70597 | 74555 


.48009 | 50232 | 52589 | 55095 | 57768 | 60631 | 63711 | 67040 | 70660 | 74624 
48045 | 50270 | 52629 | 55138 | 57814 | 60681 | 63764 | 67098 | 70723 | 74693 
48081 | 50308 | 52670 | 55181 | 57860 | 60730 | 63818 | 67156 | 70786 | 74763 
48117 | 50346 | 52710 | 55224 | 57907 | 60780 | 63871 | 67214 | 70850 | 74832 
48153 | 50385 | 52751 | 55267 | 57953 | 60830 | 63925 | 67279 | 70913 | 74902 


.48189 | 50423 | 52791 | 55311 60879 | 63978 | 67330 | 70976 | 74972 
48226 | 50461 | 52832 | 55354 46 | 60929 | 64032 | 67388 | 71040 | 75042 
48262 | 50500 | 52873 | 55398 : 60979 | 64086 | 67447 | 71104 | 75112 
48298 | 50538 | 52914 | 55441 61029 | 64140 | 67505 | 71167 | 75182 
48334 | 50576 | 52955 | 55484 S18 61079 | 64194 | 67563 | 71231 | 75252 


55528 61129 | 64248 | 67622 | 71295 | 75323 
61179 | 64302 | 67681 | 71359 | 75393 
61229 | 64356 | 67739 | 71423 | 75464 
61279 | 64410 | 67798 | 71488 | 75534 
61330 | 64464 | 67857 | 71552 | 75605 


0.48553 é 61380 | 64519 | 67916 | 71616 | 75676 
48589 é 61430 67975 | 71681 | 75747 
48626 61481 68034 | 71746 | 75819 
45662 j 61531 : 68093 | 71810 | 75890 
48699 592 61582 68153 | 71875 | 75961 
48736 | 51002 | 53406 | 55966 | 5 61632 : 68212 | 71940 | 76033 


19° ad te ae 14° Tea amare ea re : 
POLAR DISTANCE, CO-SECANT. 


TABLE XXVIL. 
LOGARITHMS OF THE LATITUDE AND POLAR DISTANCE. 


LATITUDE. SECANT. 


° ° ° ° ° ° ° ° 
80 83 84 85 86 sf fl 88 | 89 
0.76033 | & 91411 |0.98077|1_05970)1 .15642|1 .28120)1.45718/1.75814| 60 
76105 91514 98197; 06115} 15823) 28362} 46081] 76544! 59 
76177 ; > | 91617 98318) 06260} 16004) 28605} 46448! 77287! 58 
76248 91720 98439) 06406 28849} 46817| 78042] 57 
76321 91824 98560) 06552 } 29095} 47190 


91928 |0.98682|1_06699|1.16554/1 .29342)1 _47566]1 .79593) 55 } 
92032 98804} 06846) 16739} 29591] 47945) 80390) 54 f 
92137 98926 06993} 16925) 29841) 48327) 81202) 53 | 
92242 99049) 07141] 17112) 30093) 48713) 82029) 52 } 
92347 99172) 07290} 17299} 30346; 49103) 82872) 51 


92452 |0.99296|1 .07439|1.17487|1 .30600]1 .49495]1 83732] 50 | 
92553 | 99419| 07589] 17676] 30856| 49892] 84609} 49 | 
92663 | 99544] 07739] 17866] 31114] 50292} 85505) 48 | 
92769 | 99668 07890] 18056] 31373} 50696] 86419] 47 | 
92876 | 99793} O8044| 18248} 31633} 51104} 87353] 46 | 


92982 |0.99918|1 08193/1 .18440/1 .31896/1 .51515)1 88307] 45 } 
93089 |1.00044) 08345} 18633) 32159) 51931) 89283) 44 | 
93196 00170) 08498) 18827) 32425) 52350) 90282) 43 | 
93304 00296} 08651} 19022) 32692} 52774; 91304) 492 f 
93411 00423 32901} 53201} 92350) 41 


93519 |1.00550|1.08960|1.19415]1 .33231|1.53633/1 93422] 40 } 
' 93628 | 00678| 09115! 19612! 33503) 54070] 94522) 39 
77639 93736 | 00806) 09270) 19811] 33777| 54511] 95650] 38 
77714 4 | 93845 | 00934] 09426] 20010) 34053! 54956] 96808/:37 [| 
77789 93954 | 01063! 09583] 20211] 34330! 55406] 97998) 36 


-77863 | 82609 | 87953 | 94063 |1.01192|1.09740|1 . 204121 .34609|1 .55861/1.99222) 35 
77938 | 82693 | 88048 | 94173 01321) 09898} 20614; 34890) 56320/2.00480) 34 
78013 | 82777 | 88143 | 94283 01451} 10057) 20817) 35173) 56784) 01777) 33 | 
78088 | ‘2861 | 88239 | 94393 01581); 10216; 21021) 35457; 57254) 03113) 32 f 
78164 | 82945 | 88334 | 94503 01712} 10375} 21226) 35744| 5772 04492) 31 { 


.78239 | 83030 | 88430 | 94614 |1_01843/1.10536/1.21432/1.36032|1 .582908/2.05916] 30 | 
78315 | 83114 | 88526 | 94725 | 01974} 10696} 21639] 36322} 58693] 07388] 29 | 
78390 | 83199. | 88623 | 94836 | 02106} 10858] 21848] 36615} 59184) 08912 
78466 | 83284 | 88719 | 94948 | 02238) 11020] 22057} 36909] 59680! 10491 
78542 | 83369 | 88816 | 95060 | 02371) 11183} 22267} 37205) 60182] 12130 


.78618 | 83455 | 88913 | 95172 |1_02504|1.11346]1 . 2247811 .37503!1.60690\2.13834 
78694 | 83540 | 89010 | 95285 | 02637] 11510} 22690! 37804) 61904! 15607 
78771 | 83626 | 89107 | 95397 | 02771] 11674) 229031 38106! 61794] 17455 
78847 | 83711 | 89205 | 95510 | 02905] 11839] 23117} 38411! 62250! 19385 

849303 | 95624} 03040) 12005) 23332! 38718) 62783] 21406 


-79001 | 83884 | 89401 | 95738 |1.03175]1.12171|1 .2354911.39027|1 .63322/2 23525 
79078 | 83970 | 89499 | 95851 03311} 12339) 23766) 39338) 63868} 25752 
79155 | 84056 | 89598 | $5966 03447, 12506) 23985) 39651; 64422) 28100 
79232 | 84143 | 89696 | 960 0 03583) 12675) 24204; 39967) 64982) 30583 
79309 | 84230 | 89795 | 96195 03720) 12844) 244295) 40285) 65550) 33216 


79387 | 84317 | 89894 | 96310 |1.03857/1.13013|1.24647]1.40605]1 _66125/2.36018 
79465 | 84404 | 89994 | 96426 03995) 13184) 24870) 40928) 66708] 39015 
79542 | 84492 | 90093 | 96542 04133} 13355} 25094) 41253 7298] 42233 
79620 | 84579 | 90193 | 96658 04272) 13526) 25320) 41581) 67897| 45709 
79698 | 84667 | 90293 | 96774 04411) 13699) 25546} 41911] 68505} 49488 


.79777 | 84755 | 90394 | 96891 1 .04550/1 .13872}1.25774)1_42243]1 _69191/2. 53627 
79855 | 84843 | 96494 | 97008 04690} 14045) 26003) 42579) 69745} 58203 
79933-W84931 | 90595 | 97126 | 04830] 14220] 26233] 42916 70379} 63318 
80012 | 85020 | 90696 | 97243 04971) 14395) 26465) 43257| 71023} 69118 
80091 | 85109 90798 | 97361 05113) 14571} 26697} 43600} 71676] 75812 
.80170 | 85197 | 90899 | 97480 -05254/1.14748]1 .26931]1_43946|1 .72339/2. 
8024) | 85286 | 91001 | 97598 05397) 14925} 27166) 44295] 73012 
80328 | 85376 | 91103 | 97717 05539; 15103} 27403) 44646] 73696/3. 
80408 | 85465 | 91205 | 97837 | 05683; 15289) 27640] 45001 74391 
80487 | 85555 | 91308 | 97957 05826) 15461} 27880) 45358) 75097 

91411 | 98077 05970) 15642) 28120 75814 
9° <Q 7° 6° 5° 4° ~ 1° 


_——————————$— 
POLAR DISTANCE. CO-SECANT. 


= 


Jcw~tael|mermue 


° 
89 


. 24186 


23456 
22713 
21958 
21189 


. 20407 


19610 
18799 
Li9T 
17128 


15391 
14495 
13581 
12647 


.11693 


10717 
09718 
08696 
07650 


.96578 


05478 
04350 
03192 


02002 


00779 
.99520 


98223 
96887 
95508 


.94084 


92612 
91088 
89509 
87870 


.86166 


84393 
82545 
80615 
78594 


.76475 


74248 
71909 
69417 


66784 
.63982 


60985 
57767 
54291 
50512 


.46373 


AL797 
36682 
30882 


24188 
. 16270 


06579 


-94085 


76476 
46373 
0000 


AE: 


° 


88 


53919 
53552 
53183 
52810 


71151 
70905 


TABLE XXVIII. 
LOGARITHMS OF THE HALF SUM AND DIFFERENCE. . 


HALF SUM. 


52055 
51673 
51287|- 
50897 


- 16268 |: 


49304 


70409 
70159 
69907 


69654 


68627 


48896) 68367 


48069 
47650 
47226 
46799 


3.46367 
45930 
45489 
45044 
44594 


3.44139 
43680 
43216 
42746 
42272 


67841 
67575 


65110 
64827 
64543 
64256 


90260)3 . 


90102 
89943 
89784 
89625 


3 .41792)3 _63968)3 .78568/3 _89464)3 . 


41307 
40816 
40320 
39818 


36132 
35578 
35018 
34450 


33292 
32702 
32103 
31495 


3.30879)3 577573 . 74226): 


30255 
29621 


28927) .. 
28324 


3.27661/3 .56054|3 .73069)3 .85252)3. 


26988 
26304 
25609 
24903 
24186 


ihe 


63091 
62795 


59072 
58747 
58419 
58089 


57421 
57084 
56743 


56400 


55705 
55354 
54999 
54642 
54282 


9° 


73997 
73767 
Va0ao 
73302 


89304 
89142 
88980 
88817 


88654 
88490 
88326 
88161 
87995 
87829|3. 
87661 
87494 
87325 
87156 


08072 
07968 
07863 
07758 
07653 
. 07548 
07442 
07337 
07231 
07124 


.07018 
06911 
06804 
06696 
06589 


.06481 
06372 
06264 
06155 
06046 


18628 


18547 
18465 
18383 
18302 


18220 
18137 
18055 
17973 
17890 


CO-SINE,. 


23967 


23895 
23823 
23752 
23679 
23607 
23535 
23462 
23390 


23317 


23244 
23171 
23098 
23025 


22952, 


22878 
22805 
22731 
22657 
22588 


17807 
17724 
17641 
17558 
17474 


.05937 
05827 
05717 
05607 
05497 


.05386 
05275 
05164 
05052 
04940 


. 04828 
04715 
04603 
04490 


96960} 04376 


96825/4 042621. 


96689) 04149 
96553) 04034 
96417) 03920 
96280) 03805 


17391 
17307 
17223 
17139 
17055 


16970 
16886 
16801 
16716 
16631 


16545 
16460 
16374 
16289 
16203 


22509 
22435 
22361 
22286 


22211 


22137 
22062 
21987 
21912 


* 21836 


21761 
21685 
21610 
21534 
21458 


21382 
21306 
21229 
21153 
21076 


86987)3. 
86816 
86645 
86474 
86301 


.86123)/3. 
85955) - 
85780 
85605 
85429 


96143\4 .03690 
96005; 03574 
95867) 03458 
95728! 03342 


95589) 03226 


95450\4.03109 
95310; 02992 
95170) 02874 
95029|° 02757 
94887| 02639 


85075 
84897 
84718 
- 84539 
84358 


4° 


94746|4.02520 
94603] 02402 
94461] 02283 
94317| 02163 
94174] 02043 


94030)" 01923) 


5° 6° 


DIFFERENCE. 


14356 


OT O © 


Or Dw Or 


LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 
HALF SUM. CO-SINE, 

° ° co) = 
1M. 79 74 73 7 Ne 
i 0 | 4.28060 | 31788 | 35209 | 38368 | 41300 | 44034 | 46594 | 48998 | 51264 | 53405 | 60 § 
Did 27995 | 31728 | 35154 | 38317 | 41252 | 43990 | 46552 | 48959 53370 | 59 | 
ae 27930 | 31669 | 35099 | 38266 | 41205 | 43946 | 46511 | 48920 53336 | 58 | 
ae 27864 | 31609 | 35044 | 38215 | 41158 | 43901 | 46469 | 48881 53301 | 57 { 
; 4 27799 | 31549 | 34989 | 38164 | 44110 | 43857 | 46428 | 48842 | 53266 | 56 | 
H 65 | 4:27734 | 31490 | 34934 | 38113 | 41063 | 43813 | 46386 | 48803 53231 | 55 
f 6 27668 | 31430 | 34879 | 38062 | 41016 | 43769 | 46345 | 48764 53196 | 54 f 
RR 27602 | 31370 | 34824 | 38014 | 40968 | 43724 | 46303 | 48725 53161 | 53 
8 27537 | 31310 | 34769 | 37960 | 40921 | 43680 | 46262 | 48686 | 50970 | 53126 | 52 
h 9 27471 | 31250 | 34713 | 37909 | 40873 | 43635 | 46220 | 48647 53092 | 51 
1 10 | 4.27405 | 31189 | 34658 | 37858 | 40825 | 43591 | 46178 | 48607 | 50896 | 53056 | 50 | 
fH 11 27339 | 31129 | 34602 | 37806 | 40778 | 43546 | 46136 | 48568 | 50858 | 53021 | 49 
H 12 27273 | 31068 | 34547 | 37755 | 40730 | 43502 | 46095 | 48529 321 | 52986 | 48 
27206 | 31008 | 34491 | 37703 | 40682 | 43457 | 46053 | 48490 } 50784 | 52951 | 47 
27140 | 30947 | 34436 | 37652 | 40634 | 43412 | 46011 | 48450 | 50747 | 52916 | 46 
h 4.27073 | 30887 | 34380 | 37600 | 40586 | 43367 | 45969 | 48411 | 50720 | 52881 | 45 | 
16 27007 | 30826 | 34324 | 37549 | 40538 | 43323 | 45927 | 48371 | 50673 | 52846 | 44 § 

17 26940 | 30765 | 34268 | 37497 | 40490 | 43278 | 45885 | 48332 | 50635 | 52811 | 43 
18 26873 | 30704 | 34212 | 37445 | 40442 | 43233 | 45843 | 48292 | 50598 | 52775 | 42 
19 26806 | 30643 | 34156 | 37393 | 40394 | 43188 | 45801 | 48252 | 50561 | 52740 | 41 
| 20 | 4.26739 | 30582 | 34100 40346 | 43143 | 45758 | 48213 | 50523 | 52705 
q 21 26672 | 30521 | 34043 40297 | 43098 | 45716 | 48173 | 50486 | 52669 
| 22 26605 | 30459 | 33987 40249 | 43053 | 45674 | 48133 | 50449 | 52634 
A 23 26538 | 30398 | 33931 40200 | 43008 | 45632 | 48094-| 50411 | 52598 
24 26470 | 30336 | 33874 | 37133 | 40152 | 42962 | 45589 | 48054 | 50374 | 52563 | : 
¥ 25 | 4.26403 | 30275 } 33818 | 37081 | 40103 | 42917 | 45547 | 48014 | 50336 | 52527 
) 26 26335 | 30213 | 33761 | 37028 | 40055 | 42872 | 45504 | 47974 | 50298 | 52492 
1 27 26267 | 30151 | 33704 | 36976 | 40006 | 42826 | 45462 | 47934 | 50261 | 52456 
28 26199 | 30090 | 33647 | 36924 | 39958 | 42781 | 45419 | 47894 | 50223 | 52421 | : 
29 26131 | 30028 | 33591 | 36871 | 39909 | 42735 | 45377 | 47854 | 50185 | 52385 | 
30 | 4.26063 | 29966 | 33534 | 36819 | 39860 | 42690 | 45334 | 47824 | 50148 52350 | 
31 25995 | 29903 | 33477 | 36766 | 39811 | 42644 | 45292 | 47774 | 50110 | 52314 
1 32 25927 | 29841 | 33420 | 36713 | 39762 | 42599 | 452949 | 47734 | 50072 | 52278 
33 25858 | 29779 | 33362 | 36660 | 39713 | 42553 | 45206 | 47694 | 50034 | 52242 
1 34 25790 | 29716 | 33305 | 36608 | 39664 | 42507 | 45163 | 47654 | 49996 | 52207 
35 | 4.25721 | 29654 | 33248 | 36555 | 39615 | 42461 -| 45120 | 47613 | 49958-| 52171 
36 25652 | 29591 | 33190 | 36502 | 39566 | 42416 | 45077 | 47573 | 49920 | 52135 
| 37 25583 | 29529 | 33133 | 36449 | 39517 | 42370 | 45035 | 47533 | 49882 | 52099 
| 38 25514 | 29466 | 33075 | 36395 | 39467 | 42324 | 44992 | 47492 | 49844 | 52063 
H 39 25445 | 29493 | 33018 | 36342 | 39418 | 42278 | 44948 |*47452 | 49806 | 52027 
140 | 4.25376 | 29340 | 32960 | 36289 | 39369 | 42232 | 44905 | 47411 | 49768 |.51991 
§ 41 25307 | 29277 | 32902 | 36236 | 39319 | 42186 | 44862 | 47371 | 49730 | 51955 
AQ 25237 | 29214 | 32844 | 36182 | 35270 | 42140 | 44819 | 47330 | 49692 | 51919 
| 43 25168 | 29150 | 32786 | 36129 | 39220 | 42093 | 44776 | 47290 | 49654 | 51883. 
A4 25098 | 29087 | 32728 | 36075 | 39170 | 42047 | 44733 | 47949 | 49615 | 51847 
45 | 4.25028 | 29024 | 32670 | 36022 | 39121 | 42001 | 44689 | 47909 | 49577 | 51811 
46 24958 | 28960 | 32612 | 35968 | 39071 | 41954 | 44646 | 47168 | 49539 |.51774 | 
AT 24888 | 28896 | 32553 | 35914 | 39021 | 41908 | 44602 | 47127 | 49500 151738 
| 48 24818 | 28833 | 32495 | 85860 | 38971 | 41861 | 44559 | 47086 | 49462 | 51702 
| 49 24748 | 28769 | 32437 | 35806 | 38921 | 41815 | 44516 | 47045 | 49424 | 51666 } 
50 | 4.24677 | 28705 | 32378 | 35752 | 38871 | 41768 | 44472 | 47005 | 49385 | 51629 
51 24607 | 28641 | 32319 | 35698 | 38821 | 41722 | 44428 | 46964 | 49347 | 51593 
52 | + 24536 | 28577 | 32261 | 35644 | 38771 | 41675 | 44385 | 46993 | 49308 | 51557 
| 58 24466 | 28511 | 32202 | 35590 | 38721 | 41628 | 44341 | a6ggg | 49269 | 51520 
54 24395 | 28448 | 32143 | 35536 | 38670 | 41582 | 44297 | 46841 | 49231 | 51484 
| 55 | 4.24324 | 28334 | 32084 | 35481 | 38620 | 41535 | 44253 | 46800 | 49192 | 51447 
) 56 24253 | 28319 | 32025 | 35427 | 38570 | 41488 | 44210 | 46758 | 49153 | 51411 
57 241814} 28254 | 31966 | 35373 | 38519 | 41441 | 44166 | 46717 | 49115 | 51374 
58 24110 | 28190 | 31907 | 35318 | 38469 | 41394 | 44122 | 46676 | 49076 | 51338 
59 24039 | 28125 | 31847 | 35263 | 38418 | 41347 | 44078 | 46635 | 49037 | 51301 
60 23967 | 28060 | 31788 | 35209 | 38368 | 41300 | 44034 | 46594 | 48998 | 51264 
10° 19% 12° 14° 15° 16° et 18° 19055} 
‘SINE. 


108 


TABLE XXVIII. 


DIFFERENCE, 


TABLE XXVIII. 
_LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 


HALF SUM. ? CO-SINE, 


° ° ° ° 

64 63 62 61 
62595 | 64184 | 65705 | 67161 | 68557 
62558 | 64158 | 65680 | 67137 | 68534 
62541 | 64132 | 65655 | 67113 | 68512 


ry 


Doth BRwWhHO 


62513 | 64106 | 65630 | 67090 | 68489 
62486 | 64080 | 65605 | 67066 | 68466 | 6 


a 


62459 | 64054 | 65580 | 67042 | 68443 
57169 62432 | 64028 | 65556 | 67018 | 68420 
57138 | : é 62405 | 64002 | 65531 | 66994 | 68397 
57107 : 62377 | 63976 | 65506 | 66970 | 68374 
55136 | 57075 60675 | 62350 | 63950 | 65481 | 66946 | 68351 


.55102 | 57044 | 58889 | 60646 | 62323 | 63924 | 65456 | 66922 | 68328 
55069 | 57012 | 58359 | 60618 | 62296 | 63898 | 65431 | 66899 | 68305 
* §5036 | 56980 | 58829 | 60589 | 62268 | 63872 | 65406 | 66875 | 68282 
55003 | 56949 | 58799 | 60561 | 62241 | 63846 | 65381 | 66851 | 68260 
54969 | 56917 | 58769 | 60532 | 62214 | 63820 | 65356 | 66827 | 68237 


4.54936 | 56886 | 58739 } 60503 | 62186 76 65331 | 66803 | 68213 
54903 | 56854 | 9 | 60474 | 62159 | 6 65306 | 66779 | 68190 
54869 | 56822 60446 | 62131 65281 | 66755 | 68167 
54836 | 55790 60417 | 62104 | 6 65255 | 66731 | 68144 
54802 | 56759 | 58 GO3R8 | 62076 3 65230 | 66706 | 68121 
.54769 | 56727 60359 | 62049 36 65205 | 66682 | 68098 
54735 | 56695 | 58557 | 60331 | 62021 | ° 65180 | 66658 | 68075 
54702 | 56663) 58527 | 60302 |°61994 136 65155 | 66634 | 68052 
54668 |-56631 | 58497 | 60273 | 61966 | € 65130 | 66610 | 68029 
54635 | 56599 | 58457 | 60244 | 61939 | 63557 | 65104 | 66586 


.54601 | 56568 | 58436 | 60215 | 61911 65079 | 66562 
54567 | 56536 | 58406 | 60186 } 61883 | 63504 | 65054 | 66537 
54534 | 56504 | 58375 | 60157 | 61856 | 63478 | 65029 | 66513 
54500 | 56472 | 58345 | 60128 | 61828 | 63451 | 65003 | 66489 
54466 | 56140 | 58314 | 60099 {| 61800 | 68425 | 64978 | 66465 


| 4.54433 | 56408 | 58284 | 60070 | 61773 3t 64953 
54399 | 56375.) 58253 | 60041 | 61745 3372 | 64927 
54365 | 56343 | 58223 | 60012 | 61717 345 | 64902 
54331 | 56311 | 58192 | 59983 | 61689 | 63319 | 64877. 
54297 {| 55279 | 58162 | 59954 | 61662 328 64851 


4.54263 | 56247 | 58131 | 59994 | 61634 | 63266 
54229 |} 56215 | 58101 |-59895 | 61606 | 63239 
54195 ; 56182 | 58070 | 59866 | 61578 | 68213 
54161 | 56150 | 58039 | 59837 | 61550 | 63186 

54127 |] 56118 | 58008 | 59858 | 61522 | 63159 

4.54093 | 56085 | 57978 | 5977 61494:| 63133 67633 
54059 | 56053 | 57947 | 59749 | 61466 | 63106 } 67609 
54025 | 56021 | 57916 | 59720 | 61438 | 63079 A’ 67586 
53991 |} 55988 } 57885 | 59690 | 61410 | 63052 } 4 | 67562 
53957 | 55956 | 57855 | 59661 | 61382 | 65026 66099 | 67539 

4.53922 | 55923 | 57824 | 59632 | 61354 | 62999 | 6: 66075 | 67515 
53888 | 55891 | 57793 | 59602 | 61326 | 62972 66050 | 67492 
53854 | 55858 | 57762 | 59573 | 61298 | 62945 66025 | 67468 
53819 | 55826 | 57731 | 59543 | 61270 | 62918 66001 | 67445 
53785 |.55793 | 57700 | 59514 | 61242 | 62892 65976 | 67421 


-55761 | 57669 | 59484 | 61214 | 62865 | 64442 | 659592 | 67398 
55728 | 57638 | 59455 | 61186 | 62838 | 64417 | 65927 | 67374 
55695 | 57607 | 59425 | 61158 | 62811 | 64391 | 65902 | 67350 
55663 | 57576 | 59396 | 61129 | 62784 | 64365 | 65878 | 67327 
55630 | 57545 | 59366 | 61101 | 62757 | 64339 53 | 67303 


4.53578 | 55597 | 57514 | 59336 | 61073 | 62730 | 64313 f 67280 
53544 | 55564 | 57482 | 59307 | 61045 | 62703 | 64288 
5350) | 55532 59277 | 61016 | 62676 | 64262 
5 475 | 55499 ‘ 9 | 64236 
573440 | 55466 fe 64210 
5405 | 55433 3 : Qe : 65705 
27° 


DIFFERENCE. 


69456 
69434 
69412 
69390 
69368 


69345 
69323 
69301 
69279 
69256 


69234 , 
69212 
69189 
69167 
69144 
69122 
69100 , 
69077 
69055 
69032 
69010 
68987 
68965 
68942 
68920 


68006 


57 wes 


68694 


68671 
68648 
* 68625 


TABLE XXVIII. 
LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 


HALF SUM. 


= 


‘o ° ° 

55 54 53 

74756 | 75859 | 76922 | 77946 | 78934 
74737 | 75841 | 76904 | 77930 | 78918 
74719 | 75823 | 76887 | 77913 | 78902 
74700 | 75805 | 76870 | 77896 | 78886 
74681 | 75787 | 76852 | 77879 | 78869 |+ 


74662 | 75769 77862 | 78853 
74644 | 75751 77846 | 78837 
74625 | 75733 77829 | 78821 
71015 Zot 74606 | 75714 77812 | 78805 
70994 : 74587 | 75696 77795 | 78788 


4.70973 74568 | 75678 : 77778 | 78772 80656 
70952 21% 74549 | 75660 77761 | 78756 80641 
70931 Be 74531 | 75642 77744 | 78739 9 | 80625 
70909 : 74512 | 75624 T7727 | 78723 9684 | 80610 
70888 74493 | 75605 77711 | 78707 38 | 80595 


-70867 | 72116 T4474 | 75587 77694 | 78691 80580 
70846 | 72096 74455 | 75569 "7677 | 78674 80565 
70824 | 72075 74436 | 75554 77660 | 78658 80550 
70803 | 72055 T4417 | 75533 77643 | 78642 80534 
70782 | 72034 9 | 74398 | 75514 77626 | 78625 | 79589 | 80519 


70761 | 72014 74379 | 75496 77609 | 78609 | 79573 
70739 | 71994 74360 | 75478 77592 | 78592 | 79558 
70718 | 71973 | 7: 74341 | 75459 77575 | 78576 | 79542 
70697 | 71952 74322 | 75441 77558 | 78560 | 79526 
70675 | 71932 74303 | 75493 77541 79510 


70654 | 71914 74284 | 75405 4 | 77524 | 78527 | 79494 
70633 | 71891 | 7: 74265 | 75386 | 76: 77507 | 78510 | 79478 
70611 | 71870 74246} 75368 77490 | 78494 | 79463 
70590 | 71850 |. 74227 | 75350 77473 | 78478 | 79447 
70568 | 71829 | 7: 74208 | 75331 3 77456 | 78461 | 79431 | 80366 
.70547 | 71809 22 | 74189 | 75313 | 76395 | 77439 | 78445 | 79415 | 80351 
10525 | 11788 2 | 74170 | 75294 | 76378 | 77492 | 78428 | 79399 | 80336 
70504 | 71767 | 72982 | 74151 | 75276 | 76360 | 77405 | 78412 | 79383 | 80320 
70482 | 71747 962 | 74132 | 75258 | 76342 | 77387 | 78395 | 79367 | 80305 
70461 | 71726 2 | 74113 | 75239 | 76324 | 77370 | 78379 | 79351 | 80290: 


4.70439 | 71705 , 74093 | 75221 | 76307 | 77353 | 78362 | 79335 | 80274 
70418 | 71685 74074 | 75202 | 76289 | 77336 | 78346 | 79319 | 80259 
70396 | 71664 288% 74055 | 75184 | 76271 | 77319 | 78329 | 79304 | 80244 
70375 | 71643 3 | 74036 | 75165 | 76253 | 77302 | 78313 | 79288 } 80228 
70353 71626 74917 | 75147 | 76236 | 77985 | 78296 | 79272 | 80233 


.70332 | 71602 | 72823 | 73997 | 75128 | 76218 | 77268 | 78280 | 79256 | 80197 
70310 | 71581 | 72803 | 73978 | 75110 | 76200 | 77250 | 78263 |.79240 
70283 | 71560 | 72783 | 73949 | 75091 | 76182 | 77233 | 78246 | 79224 
70267 | 71539 | 72763 | 73940 | 75073 | 76164 | 77216 | 78230 | 79208 
70245 | 71519 | 72743 | 73921 | 75054 | 76146 | 77199 | 78213 | 79192 


-70224 | 71498 3 | 73901 | 75036 | 76129 | 77181 | 78197 
70202 | 71477 73882 | 75017 | 76111 | 77164 | 78180 
70180 | 71456 73863 | 74999 | 76093 | 77147 | 78163 
70159 | 71435 73843 | 74980 | 76075 | 77130 | 78147 
70137 | 71414 73824 | 74961 | 76057 | 77112 | 78130 


.70115 | 71393 73805 | 74943 | 76039 | 77095 | 78113 
70093 | 71373 73785 | 74924 | 76021 | 77078 | 78097 
70072 | 71352 73766 | 74906 | 76003 | 77061 | 78080 
70050 | 71331 562 | 73747 | 74887 | 75985 | 77043 | 78063 
70028 | 71310 | 72542 | 73727 | 74868 | 75967 | 77026 | 78047 


.70006 | 71289 | 72522 | 73708 | 74850 | 75949 | 77009 | 78030 
69984 | 71268 y 73689 | 74831 | 75931 | 76991 | 78013 
69963 | 71247 482 | 73669 | 74812 | 75913 | 76974 | 77997 
69941 | 71226 | 72 73650 | 74794 | 75895 | 76957 | 77980 
69919 | 71205 73630 | 74775 | 75877 | 76939 | 77963 
> 69897 | 71184 45 73611 | 74756 | 75859 | 76922 | 77946 


30" 3: 34°. 4 35° i peage? ¢ 
DIFFERENCE, 


Se ee 
WNrFOCTCSCONA UO! PWD H OS 


TABLE XXVIIL 111 
’ LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 


HALF SUM. CO-SINE. 


pee ° 
MM: 44 43 oe 
1 0 84949 | 85693 | 86413 | 87107 | 87778 | 88425 | 60 
ray 84936 | 85681 | 86401 | 87096 | 87767 | 88415 | 59 
2 84923 | 85669 | 86389 | 87085 | 87756 | 88404 | 58 
h 3 84911 | 85657 | 86377 | 87073 | 87745 | 88394 | 57 
4 84898 | 85645 | 86366 | 87062 | 87734 | 88383 | 56 
5 83311 | 84112 | 84885 | 85632 | 86354 | 87050 | 87723 | 88372 | 55 F 
6 83297 | 84099 | 84873 | 85620 | 86342 | 87039 | 87712 | 88362 | 54 } 
7 83283 | 84085 | 84860 | 85608 | 86330 | 87028 | 87701 | 88351 | 53 
8 83270 | 840 84847 | 85596 | 86318 | 87016 | 87690 | 88340 |.52 
1 9 83256 | 84059 | 84835 | 85583 | 86306 | 87005 | 87679 | 88330 | 51 
1 10 83242 | 84046 | 84822 | 85571 | 86295 | 86993 | 87668 | 88319 | 50 
83229 | 84033 | 84809 | 85559 | 86283 | 86982 | 87657 | 88308 | 49 
83215 | 84020 | 84796 | 85547 | 86271 | 86970 | 87646 | 88298 | 48 § 
83202 | 84006 | 84784 | 85534 | 86259 | 86959 | 87635 | 88287 | 47 
83993 | 84771 | 85522 | 86247 | 86947 | 87624 | 88276 | 46 | 


83980 | 84758 
83967 | 84745 
83954 | 84733 
83940 | 84720 
83927 | 84707 


85510 | 86235 | 86936 | 87613 | 88266 | 45 | 
85497 | 86223 | 86924 | 87601 | 88255 | 44 | 
85485 | 86211 | 86913 | 87590 | 88244 | 43 . 
85473 | 86200 | 86902 | 87579 | 88234 | 42 | eh 
85460 | 86188 | 86890 | 87568 | 88223 | 41 


ee ae ne —————— | | ————— 


4.81402 


83914 | 84694 | 85448 | 86176 | 86879 | 87557 | 88212 | 40 
H 21 81387 83901 | 84682 | 85436 | 86164 | 86867 | 87546 | 88201 | 39 
H 22 81372 83887 | 84669 | 85423 | 86152 | 86855 | 87535 | 88191 | 38 
H 23 81358 83874 | 84656 | 85411 | 86140 | 86844 | 87524 | 88180 | 37 § 


81343 


4.81328 
81314 
81299 
81284 
$1269 

4.81254 
81240 


83861 | 84643 
83848 | 84630 
83834 | 84618 
83821 | 84605 
83808 | 84592 
83795 °| 84579 


83781 | 84566 
83768 | 84553 


85399 | 86128 | 86832 | 87513 | 88169 | 36 | 


85386 | 86116 | 86821 | 87501 | 88158 | 35g ' 
85374 | 86104 | 86809 | 87490 | 88148 | 34 § 
85361 | 86092 | 86798 | 87479 | 88137 | 33 | 
85349 | 86080 | 86786 | 87468 | 88126 | 32 | 
85337 | 86068 | 86775 | 87457 | 88115 | 31 


85324 + 86056 | 86763 | 87446 | 88105 | 30 } 
85312 | 86044 | 86752 | 87434 | 88094 | Qo | 


#32] ° 81225 83755 | 84540 | 85299 | 86032 | 86740 | 87423 | 88083 | 28 § 
¥ 33} 81210 83741 | 84528 | 85287 | 86020 | 86728 | 87412 | 88072 | 27 § 
34 | 81195 83728 | 84515 | 85274 | 86008 | 86717 | 87401 | 88061 | 26 | 
i — | Da a oa me a —_ 
f 35 83715 | 84502 | 85262 | 85996 | e705 | 87390 | 88051 | 25 | 
| 36 83701 | 84489 | 85250 | 85984 | 86694 | 87378 | 88040 | 24 ¥ 


83688 | 84476 
83674 | 84463 
83661 | 84450 


83648 | 84437 
83634 | 84424 
83621 | 84411 
83608 | 84398 
83594 | 84385 


82761 | 83581 | 84373 
82747 | 83567 | 84360 
82733 | 83554 | 84347 
82719 | 83540 | 84334 
82705 | 83527 | 84321 


82691 | 83513 | 84308 
82677 | 83500 | 84295 
82663 | 83486 | 84282 


85237 | 85972 | 86682 | 87367 | 88029 | 93 
85225 | 85960 | 86670 | 87356 | 88018 | 22 § 
85212 | 85948 | 86659 | 87345 | 88007 | 21 


85200 | 85936 | 96647 | 87334 | 87996 | Q0 % ; 
85187 | 85924 | 96635 | 87322 | 87985 | 19 F | 
85175.| 85912 | 36694 | 87311 | 87975 | 18 | 

85162 | 85900 | 86612 | 87300 | 87964 | 17 | 

85150 | 85888 | 36600 | 87288 | 87953 | 16 | 


85137 | 85876 | 86589 | 87277 | 87942 | 15 | 
85125 | 85864 | 86577 | 87266 | 87931 | 14 f 
85112 | 85851 | 96565 | 87255 | 87920 | 13 
85100 | 85839 | 86554 | 87243 | 87909 | 12 
85087 | 85827 | 86542 | 87232 | 87898 | 11 


85074 |.85815 | 86530 | 87221 | 87887 
85062 | 85803 | 86518 | 87209 | 87877 
85049 | 85791 | g6507 | 87198 | 87866 


1 53 82649 | 83473 | 84269 | 85037 | 85779 | 96495 | 87187 | 87855 
j O4 82635 | 83459 | 84255 | 85024 | 85766 | -g6483 | 87175 | 87844 

55 85012 | 85754 | 96472 | 87164 | 87833 
y 56 82607 | 83432 | 84229 |. 84999 | 85742 | 86460 | 87153 | 87822 
y 57 82593 | 83419 | 84216 | 84986 | 85730 | gg44g | 87141 | 87811 
1 58 82579 | 83405 | 84203 | 84974 | 85718 | 86436 | 87130 | 87800 


84190 
| 84177 


84961 | 85706 | g6425 | 87119 | 87789 
84949 | 85693 | 86413 | 87107 | 87778 


82565 | 83392 
82551 | 83378 


: | 
— 
orrmwrhalaTHe©S 


82621 : 842.42 


: DIFFERENCE. SINE. J -. 


PPE 


<4 


LOGARITHMS OF THE HALF SUM AND DIFFERENCE, 


HALF SUM. 


CO-SINE, 


DIFFERENCE. 


° ° fo} ° fo) 
2M. 39 38 37 36 35 34 33 32 ete, 30 bah 3 
1 0 | 4.89050 | 89653 | 90235 | 90796 | 91336 | 91857 | 92359 | 92842-| 93307 | 93753 | 60 
ay 89040 | 89643 | 90225 | 90787 | 91328 | 91849 | 92351 | 92834 | 93299 | 93746 | 59 | 
4 2 89930 | 89633 | 90216 | 90777 | 91319 | 91840 | 92343 | 92826 | 93291 | 93738 | 58 7 
1 3 89020 { 89624 | 90206 | 90768 |. 91310 | 91832 | 92334 | 92818 | 93284 | 93731 | 57 | 
7 4 89009 | 89614 | 90197 |,90759 | 91301 | 91823 | 92326 | 92810 | 93276 | 93724 | 56 § 
b 5 | 4.88999 | 89604 | 90187 | 90750 | 91292 | 91815 | 92318 | 92803 | 93269 | 93717 | 55 § 
i 6 88989 | 89594 | 90178 | 90741 | 91283 | 91806 | 92310 | 92795 | 93261 | 93709 | 54 § 
ay 88978 | 89584 | 90168 | 90731 | 91274 | 91798 | 92302 | 92787 | 93253 | 93702 | 53 § 
1 8 88968 | 89574 | 90159 | 90722 | 91266 | 91789 | 92293 | 92779 | 93246 | 93695 | 52 F 
H 9 88958 | 89564 | 90149 | 90713 | 91257 | 91781 [€92285 | 92771 | 93238 | 93687 | 51 | 
h 10 | 4.88948 | 89554 | 90139 | 90704 | 91248 | 91772 | 92277 | 92763 | 93230.| 93680 | 50 § 
mel 88937 | 89544 | 90130 | 90694 | 91239 | 91763 | 92269 | 92755 | 93223 | 93673 | 49 § 
12 88927 | 89534 | 90120 | 90685 | 91230 | 91755 | 92260 | 92747 | 93215 | 93665 | 48 § 
1 13 88917 | 89524 | 90111 | 90676 | 91221 | 91746 | 92252 | 92739 | 93207 | 93658 | 47 F 
1 14 88906 | 89514 | 90101 | 90667 | 91212 | 91738 | 92244 | 92731 | 93200 | 93650 | 46 : 
1 15 | 4.88896 | 89504 | 90091 | 90657 | 91203 | 91729 | 92235 | 92723 | 93192 | 93643 | 45 § 
1 16 88886 | 89495 | 90082 | 90648 | 91194 | 91720 | 92227 | 92715 | 93184 | 93636 | 44 & 
17 88875 | 89485 | 90072 | 90639 | 91185 | 91712 | 92219 | 92707 | 93177 | 93628 | 43 § 
, 18 88865 | 89475 | 90063 | 90630 | 91176 | 91703 | 92211 | 92699 | 93169 | 93621 | 42 

19 88855 | 89465 | 90053 | 90620 | 91167 | 91695 | 92202 | 92691 | 93161 | 93614 | 41 
1 20 | 4.88844 | 89455 | 90043 | 90611 | 91158 | 91686 | 92194 | 92683 | 93154 | 93606 | 40 § 
821) 88834 | 89445 | 90034 | 90602 | 91149 | 91677 | 92186 | 92675 | 93146 | 93599 } 39 J 

22 88824 | 89435 | 90024 | 90592 | 91141 | 91669 | $2177 | 92667 | 93138 | 93591 | 38 | 

23 88813 | 89425 | 90014 | 90583 | 91132 | 91660 | 92169 | 92659 | 93131 | 93584 | 37 

24 88803 | 89415 | 90005 | 90574 | 91123 | 91651 | 92161 | 92651 | 93123 93577 36 § 

25 | 4.88793 | 89405 | 89995 | 90565 | 91114 | 91643 | 92152 | 92643 | 93115 | 93560 | 35 

26 | 88782 | 89395 | 89985 | 90555 | 91105 | 91634 | 99144 | 92635 | 93108 | 93562 | 34 | 
27 88772 | 89385 | 89976 | 90546 | 91096 | 91625 | 92136 | 92627 | 93100 | 93554 fF 33 | 

28 88761 | 89375 | 89966 | 90537 | 91087 | 91617 | 92197 | 92619 | 93092 | 93547 | 32 § 
B29 88751 | 89364 | 89956 | 90527 | 91078 | 91608 | 92119 | 92611 | 93084 | 93539 | 31 

30 | 4.88741 | 89354 | 89947 | 90518 | 91069 | 91599 | 92111 | 92603 } 93077 | 93532 | 30 § 
i 31 88730 | 89344 | 89937 | 90509 | 91060 | 91591 | 92102 | 92595 | 93069 | 93525 | a9 § 
1.32 88720 | 89334 | 89927 | 90499 | 91051 | 91582 | 92094 | 92587 | 93061 | 93517 | 28 F 

3: 88709 | 89324 | 89918 | 90490 | 91042 | 91573 | 92086 | 92579 | 93053 | 93510 | 97 § 
iz 88699 | 89314 | 89908 | 96480 | 91033 | 91565 | 92077 | 92571 | 93046 | 93502 | 96 | 
1 35 | 4.88688 | 89304 | 89898 | 90471 | 91023 | 91556 | 92069 | 92562 | 92038 | 93495 | 
1 36 88678 | 89294 | 89888 | 90462 | 91014 | 91547 | 92060 | 929555 | 93030 | 93487 
LOY 88668 | 89284 | 89879 | 90452 | 91005 | 91538 | 92052 | 92546 | 93022 | 93480 

38 88657 | 89274 | 89869 | 90443 | 90996 | 91530 | 92044 | 99538 | 93014 | 93472 

39 88647 | 89264 | 89859 | 90434 | 90987 | 91521 | 92035 | 99530 | 93007 | 93465 

40 | 4.88636 | 89254 | 89849 | 90424 | 90978 | 91512 | 92027 | 929599 | 92999 | 93457 

Al 88626 | 89244 | 89840 | 90415 | 90969 | 91504 | 92018 | 929514 | 92991 | 93450 
1 42 88615 | 89233 | 89830 | 90405 | 90960 | 91495 | 92010 | 99506 | 92983 | 93442 

43 88G05 | 89223 | 89820 | 90396 | 90951 | 91486 | 92002 | 92498 | 92976 | 93435 

44 88594 | 89213 | 89810 | 90386 | 90942 | 91477 | 91993 | ga490 | 92968 | 93427 
845 | 4.88584 | 89203 | 89801 | 90377 | 96933 | 91469 | 91985 | 92489 | 92960 |} 93420 
146 | 88573 | 89193 | 89791 | 90368 | 90924 | 91460 | 91976 | 929473 | 92952 | 93412 

47 88563 | 89183 | 89781 | 90358 | 90915 | 91451 | 91968 | 92465 | 92944 | 98405 

48 88552 | 89173 | 89771 | 90349 | 90906 | 91442 | 91959 | 929457 | 92936 |} 93397 

49 | 88542 | 89162 | 89761 | 90339 | 90896 | 91433 | 91951 | 92449 | 92929 | 93390 

50 | 4.88531 | 89152 | 89752 | 90330 | 99887 | 91425 | 91942 | 99441 | 92921 | 93382 

51 88521 | 89142 | 89742 | 90320 | 90878 | 91416 | 91934 | 929433 | 92913 | 93375 

52 88510 | 89132 | 89732 | 90311 |} 90869 | 91407 | 91925 | 929495 | 92905 | 93367 

53 88499 | 89122 | 89722 | 90201 | 90860 | 91398 | 91917 | 92416 | 92897 | 93360 

54 88489 | 89112 | 89712 | 90292 | 90851 | 91389 | 91908 | 92408 | 92889 | 93352 

55 | 4.88478 | 89101 | 89702 | 90282 | 90842 | 91381 | 91900 | 92400 | 92881 | 93344 

56 88468 | 89091 | 89693 | 90273 | 90832 | 91372 | 91891 | 92392 | 92874 | 93337 

57 88457 | 89981 | 89683 | 90263 | 90823 | 91363 | 91883 | 99384 | 92866 | 93329 

58 88447 | 89071 | 89673 | 90254 | 90814 | 91354 | 91874 | 92376 | 92858 | 93322 

59 88436 | 89060 | 89663 | 90244 | 90805 | 91345 | 91866 | 99367 | 92850 | 93314 

60 88495 | 89050 | 89653 | 90235 | 90796 | 91336 | 91857 | 99359 | 92842 | 93307 

50° | 5° 52° 53° 54° 55° 56° 57° 58° 59° 


TABLE XXVIII. 
LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 
HALF SUM. 


° ) ° ° 

; M. | 29 | 28 Ds AG 25 24 

4.94182 | 94593 95366 | 95728 | 96073 Stee 97299 
94175 | 94587 : é 95722 | 96067 97294 
94168 | 94580 54 | 95716 | 96062 | 9632 | § 97005 | 97289 
94161 | 94573 : 95710 | 96056 : 97285 
94154 | 94567 95704 | 96050 | 9 96696 ¢ 97280 


94560 ; 956 +8 | 96045 3 9661 | 96991 | 97276 

95692 | 96039 jf 96686 | 96986 | 97271 

956 6 | 96034 96681 | 96981 | 47266 

95680 | 96028 | £ 96676 | 96976 | 97262 

95674 | 96022 | 96354 | 96670 | 96971 | 97257 

94112 | 945% 94923 é 9566 | 96017 | 96349 | 96665 | 96966 | 97252 
94105 | $ 34917 | 95298 | 95663 | 96011 | 96343 | 96660 | 96962 | 97248 

94098 3 | 94911 | 95292 | 95657 | 96005 | 96338 | 96655 | 96957 | 97243 

~—94090 | 9456 94904 | 95286 | 95651 | 96000 | 96333 | 96650 | 96952 | 97238 
94083 4499 | 94898 | 95279 | 95645 | 95994 | 96327 | 96645 | 96947 | 97234 

94076 | 94492 | 94891 | 95273 | 9563) | 95988 | 96322 | 96640 | 96942 | 97229 
94069 | “44> 95267 | 95633 | 95982 | 96316 | 96634 | 96937 | 97224 

94062 95261 95977 | 96311 | 96629 | 96932 | 97220 

94055 | ° 4: 95254 | 9555 95171 | 96305 | 96624 | 96927 | 97215 

94048 | 94465 | 9 95248 | 95515 | 95965 | 96300 | 96619 | 96922 | 97210 


94041 | 94458 95245 9 | 95960 | 96294 | 96614 | 96917 | 97206 
94034 | 94451 18: 23 95954 | 96289 | 96608 | 96912 | 97201 
94027 | 94445 | 948. 9522 Q55¢ | 95948 | 96284 | 96603 | 96907 | 97196 
94020 | 94438 | 948: 952: ; 95942 | 96278 | 96598 | 96903 
94012 | 94431 52 95585 | 95937 | 96273 | 96593 | 96898 


-94005 | 94424 | 94896 | 95: 95579 | 95931 | 96267 | 96588 | 96893 
93998 | 94417 | vasi9 | 95% 95573 | 95925 | 96262 | 96582 | 96888 
93991 | 94410 | 94813 | 95198 | 95567 | 95920 | 96256 | 96577 | 96883 
93984 | 94404 | 94806 95561 | 95914 |. 96251 | 96572 | 96878 
93977 | 94397 | 94799 95555 | 95908 | 96245 | 96567 | 96873 | 97163 
1.93970 | 94390 | 94793 | 9% 95549 | 95902 | 96240 | 96562 | 96868 | 97159 
93963 | 94383 | 94786 | 95173 | 25543 | 95897 | 96234 | 96556 | 96863 | 97154 
93955 | 94376 | 94780 | 9! 95537 | 95891 | 96229 | 96551 | 96858 | 97149 
93948 | 94369 | 94773 | ! 95531 | 95885 | 96223 | 96546 | 96853 | 97145 
93941 | 94362 95154 | 95525 | 95879 | 96218 | 965 96848 | 97140 


93934 | 94355 95148 | 95519 | 95873 | 96212 | 96535 | 96843 | 97135 
93927 | 94349 | 9- 95141 | 95513 | 95868 | 96207 | 96530 | 96838 ; 97130 
9322.) | 94342 | 9. 95135 | 95507 | 95862 | 96801 | 96525 | 96833 | 97126 
93312 | 94335 | 947 95129 | 95500 | 95856 | 96196 | 96520 | 96828 | 97121 
93905 | 94328 95122 | 95494 | 95850 | 96190 | 96514 | 96823 | 97116 


.93898 | 94321 | ¢ 951164} 95488: | 95844 | 96185 | 96509 | 96818 | 97111 
93891 | 94314 95110 | 95482 | 95839 | 96179 | 96504 | 96813 | 97107 
93884 | 94307 | ¢ 95103 | 95476 | 95833 | 96174 | 96498 | 96808 | 97102 
93876 | 94300 95097 | 95470 | 95827 | 96168 | 96493 | 96803 | 97097 
93869 | 94293 | 94700 | 95090 | 95464 | 95821 | 96162 | 96488 | 96798 | 97092 


94694 : 95458 | 95815 | 96157 | 96483 | 96793 

94687 95452 | 95810 | 96151 | 96477 | 96788 | 97083 
94680 | § 95446 | 95804 | 96146 | 96472 | 96783 | 97078 
94674 } 95440 | 95798 | 96140 | 96467 | 96778 | 97073 
94667 5 95434 | 95792 | 96135 | 96461 | 96772 | 97068 | 11 


. 93826 4252 | ¢ 95427 | 95786 | 96129 | 96456 | 96767 | 97063 | 10 
93819 | | 95046 | 95421 | 95780 | 96123 | 96451 | 96762 

93811 ‘ 50% 95415 | 95775 | 96118 | 96445 | 96757 

93804 | 942: 950; 95409 | 95769 | 96112 | 96440 | 96752 

93797 y 502 95403 | 95763 | 96107 | 96435 | 96747 | 97044 


.93789 | 94217 95020 | 95397 | 95757 | 96401 | 96429 | 96742 | 97039 
93782 | 94210 | ¢ 95014 | 95391 | 95751 | 96095 | 96424 | 96737 

93775 | 94203 95007 | 95384 | 95745 | 96090 | 96419 | 96732 

93768 | 94196 95001 | 95378 | 95739 | 96084 | 96413 | 96727 

93760 | 94189 94995 | 95372 | 95733 | 96079 | 96408 | 96722 

93753 | 94182 94988 | 95366 | 95728 | 96073 _| 96403 | 96717 

60° 63° 64° 65° 66° 67° 

DIFFERENCE. 


4.97567 
97563 
97558 . 
97554 
97550 

4.97545 
97541 
97536 
97532 
97528 


|] Se Sf 


4.97523 
97519 
97515 
97510 
97506 


4.97501 
97497 
97492 
97488 
97484 

4.97479 
97475 
97470 
97466 
97461 


4.97457 
97453 
97448 
97444 
97439 


4.97435 


4.97412 

97408 

a : 97403 
tad 97399 
97394 


4.97390 

’ 97385 
97381 

97376 

97372 


TABLE XXVIII. 


LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 


HALF SUM. 


97796 
97792 
97788 
97784 


97779 
97775 
97771 
97767 
97763 


97759 


97754 
97750 
97746 
97742 


97738 
97734 
97729 
97725 


97721 


97717 
97713 
97708 
97704 


97700 


97696 
97691 
97687 
97683 


97679 


97674 
97670 
97666 
97662 


97657 


97653 
97649 
97645 
97640 
97636 


4.97367 
97363 
97358 
97353 
97349 


4.97344 
97340 
97335 
97331 
97326 

4.97322 
97317 
97312 
97308 
97303 
97299 


97632 
97627 
97623 
97619 


97615 


97610 
97606 
97602 
97597 


97593 |: 


97589 
97584 
97580 
97576 
97571 


97567 


ro es 


97800 | 


98001 | § 


97997 
97993 
97989 
97986 


97934 
97930 
97926 


97922 
97918 
97914 
97910 


97906 


97902 
97898 
97894 
97890 


97886 


97882 
97878 
97874 
97870 


97866 


97861 
97857 
97853 
97849 
97845 


97841 


97837 
97833 
97829 
97825 
97821 


72° 


° 
15 . 


98494 


98491 
98488 
98484 
98481 


98477 


98474 
98471 
98467 
98464 


98460 
98457 
98453 
$8450 
98447 


98443 


98440 
98436 
98433 
98429 


98174 
98170 
98166 
98162 
98159 


98426 
98422 
98419 
98415 


98412 


98409 
98405 
98402 
98398 
98395 
98391 
98388 
98384 
98381 
98377 


98155 
98151 
98147 
98144 


98140 


98136 
98132 
98129 
98125 


98121 


98117 
98113 
98110 
98106 
98102 


98098 
9<094 
98090 


98087 ; 


U79 
98075 
98071 
98067 
98063 
98060 


' 


98373 
98370 
98366 
98363 


98359 


98083 | 98306 | 


° 
14 


98690 


98687 
98684 


98681 
98678 


‘98675 


98671 
98668 
98665 
98662 


98659 
98656 
98652 
98649 


98646 


98643 
98640 
98636 
98633 
98630 


o 
13 
98872 
98869 
98867 
98864 
98861 


98858 


98855 
98852 
98849 
98846 


98843 
98840 
98837 
98834 


98831 | 99002 


98828 
98825 
98822 
98819 
98816 


° 


12 


99040 


99038 
99035 
99032 
99030 


99027 


99024 
99022 
99019 


99016 


99013 
99011 
99008 
99005 


CO-SINE. 


° 


10 


99335 


99333 
99331 
99328 


99326 


99324 
99322 
99319 
99317 


99315 


99313 
99310 
99308 
99306 
99304 


99000 
98997 
98994 
98991 


98627 
98623 
98620 
98617 
98614 


98610 
98607 
98604 
98601 


98597 


98594 
98591 
98588 
98584 


98581 


98813 
98810 
98807 
98804 
98801 


98798 
98795 
98792 
98789 
98786 


98986 
98983 
98980 
98978 


98975 


98972 
98969 
98967 
98964 
98961 


98989 


98783 
98780 
98777 
98774 
98771 


98768 
98765 
98762 
98759 


98958 
98955 
98953 
98950 


98947 


98944 
98941 
98938 
98936 


98756 | 98933 


98753 
98750 
98746 
98743 


98740 


98737 
98734 
98731 
98728 


1 | 98725. 


98302 
98299 
98295 
98291 
98288 
98284 


98722 
98719 
98715 
98712 
98709 
98706 
98703 
98700 
98697 
98694 
98690 


73° 


74° 


| 


75. 


DIFFERENCE, 


76° 


98930 
98927 
98924 
98921 
98919 


98916 


98913 
98910 
98907 


98904 


98901 
98898 
98896 
98893 


98890 


98887 
98884 
98881 
98878 
98875 


98872 


77° 


99106 


99104 
99101 
99099 


99096 


99093 
99091 
99088 
99086 


99083 


99301 
99299 
99297 
99294 
99292 


99290 
99288 
99285 
99283 
99281 


99278 


99276 
99274 
99271 
99269 


99267 
99264 
99262 
99260 
99257 
99255 
99252 
99250 
99248 


99245 


99243 
99241 
99238 
99236 
99233 
99231 
99229 
99226 
99224 
99221 


99219 
99217 
99214 
99212 


99207 
99204 
99202 
99200 
99197 
99195 


[to to no no 92 | ¢ 
A~WDOWOS | 


bo bo bo bo po 
me pw & or 


99209 


TABLE XXVIII. 
LOGARITHMS OF THE HALF SUM AND DIFFERENCE. 


HALF SUM. CO-SINE. 


° 


9 


4.99462 | 99575.| 99675 | 99761 | 99834 | 99894 | 99940 : 99993 | 00000 
99460 | 99573 | 99674 | 99760 | 99833 | 99893 | 99940 973 | 99993 | 00000 
99458 | 99572 | 99672 | 99759 | 99832 | 99892 | 99939 J 99993 ,; 00000 
99456 | 99570 | 99670 | 99757 | 99831 | 99891 | 99938 : 99993 | 00000 
99454 | 99568 | 99669 | 99756 | 99830 | 99891 | 99938 99992 | 00000 


4.99452 | 99566 | 99667 | 99755 | 99829 | 99890 | 99937 99992 | 00000 
99450 | 99565 | 99666 | 99753 | 99828 | 99889 | 99936 99992 | 00000 
99448 | 99563 | 99664 | 99752 | 99827 | 99888 | 99936 | 99S 99992 | 00000 
99446 | 99561 | 99663 | 99751 | 99825 | 99887 | 99935 99992 | 00000 
99444 | 99559 | 99661 | 99749 | 99824 | 99886 | 99934 | 99969 | 99991 | 00000 


.99442 | 99557 | 99659 | 99748 | 99823 | 99885 | 99934 | 99969 | 99991 
99440 | 99556 | 99658 | 99747 | 99822 | 99884 | 99933 | 99968 | 99991 
99438 | 99554 | 99656 | 99745 | 99821 | 99883 | 99932 | 99968 | 99990 
99436 | 99552 | 99655 | 99744 | 99820 | 99882 | 99932 | 99967 | 99990 
99434 | 99550 | 99653 | 99742 | 99819 | 99881 | 99931 | 99967 | 99990 


.99432 ; 99651 | 99741 | 99817 | 99880 | 99930 | 99967 | 99990 

99429 ‘ 99650 | 99740 | 99816 | 99879 | 99929 | 99966 | 99989 

99427 9: 99648 | 99738 | 99815 | 99879 | 99929 | 99966 | 99989 

99425 : 99647 | 99737 | 99814 | 99878 | 99928 | 99965 | 99989 9¢ 
99423 | 995¢ 99645 | 99736 | 99813 | 99877 | 99927 | 99964 | 99989 | 99999 


.99421 9 | 99643 | 99734 | 99812 | 99876 | 99926 | 99964 | 99988 | 99999 
99419 99642 | 99733 | 99810 | 99875 | 99926 | 99963 : 99999 
99417 99640 | 99731 | 99809 | 99874 | 99925 | 99963 ¢ 99999 
99415 3 | 99638 | 99730 | 99808 | 99873 | 99924 | 99962 987 | 99999 
99413 | 99637 | 99728 | 99807 | 99872 | 99923 | 99962 | 995 it Mey 


99411 99635 | 99727 | 99806 | 99871 | 99923 | 99961 99999 
99409 99633 | 99726 | 99804 | 99870 | 99922 | 99961 99999 
99407 99632 | 99724 | 99803 | 99869 | 99921 | 99960 99999 
99404 99630 | 99723 | 99802 | 99868 | 99920 | 99960 | 99986 | 99999 
99402 é 99629 | 99721 | 99801 | 99867 | 99920 | 99959 | 99985 | 99998 


.99400 99627 | 99720 | 99800 | 99866 | 99919 | 99959 | 99985 | 99998 
BOSIB. PS 99625 | 99718 | 99798 | 99865 | 99918 | 99958 | 99985 | 99998 
99396 99624 | 99717 | 99797 | 99864 | 99917 : 99984. } 99998 
99394-1395 99622 | 99716 | 99796 | 99863 | 99917 | 999: 99984 | 99998 
99392 99620 | 99714 | 99795 | 99862 | 99916 | 99956 | 99984 | 99998 


.99390 99618 | 99713 | 99793 | 99861 | 99915 | 99956 | 99983 | 99998 
99388 | § 9 | 99617 | 99711 | 99792 | 99860 | 99974 | 99955 | 99983 | 99998 
99385 99615 | 99710 | 99791 | 99859 | 99913 | 99955 | 99983 | 99997 
99383 99613 | 99708 | 99790 | 99858 | 99913 | 99954 | 99982 | 99997 
99381 3 | 99612 | 99707 | 99788 | 99857 | 99912 | 99954 | 99982 | 99997 


_99379 99610 | 99705 99787 99856 | 99911 | 99953 | 99982 | 99997 
99377 | 9¢ 99608 | 99704 | 99786 | 99855 | 99910 | 99952 | 99981 | 99997 
99375 99607 | 99702 | 99785 | 99854 | 99909 | 99952 | 99981 | 99997 
99372 99605 | 99701 | 99783 | 99853 | 99909 | 99951 | 99981 | 99997 
99370 4¢ 99603 | 99699 | 99782 | 99852 | 99908 | 99951 | 99980 | 99996 


.99368 99698 | 99781 | 99851 | ¢ 99950 | 99980 | 99996 
99366 99696 | 99780 | 99850 99949 | 99979 | 99996 
99364 99695 | 99778 | 99848 99949 | 99979 | 99996 
99362 : 99693 | 99777 | 99847 99948 | 99979 | 99996 
99359 | 99- 99692 | 99776 | 99846 99948 | 99978 | 99996 


-99357 99690 | 99775 | 99845 | ¢$ 99947 | 99978 | 99995 
99355 99689 | 99773 | 99844 : 99946 | 99977 | 99995 
99353 99687 | 99772 | 99843 99946 | 99977 | 99995 
99351 99686 | 99771 | 99842 99945 |99977 | 99995 
99348 | ! 99684 | 99769 | 99841 99944 | 99976 | 99995 


.99346 99683 | 99768 | 99840 986 99944 | 99976 | 99994 
99344 é‘ ; 99681 | 99767 | 99839 g 99943 | 99975 | 99994 
99342 99680 | 99765 | 99838 99942 | 99975 | 99994 
99340 16 99678 | 99764 | 99837 99942 | 99974 | 99994 
99337 99677 | 99763 | 99836 ; 99941 | 99974 | 99994 
99335 94 99675 | 99761 | 99834 99940 | 99974 | 99993 


80° 83°. |. 84° aiteeas 89° 
DIFFERENCE. SINE. 


ios — aa 
ba CorNwNWR ODN OOO] 


HOUR ANGLE, 0 HOURS, OR APP. TIME P. M. 


TABLE XXIX. 
LOGARITHMS OF THE APPARENT TIME, OR HOUR ANGLE. 


| PROPORTIONAL PARTS YOR SECONDS, 


8. 8. S. 8. s. 8. S. BN A Na el a ee 
0 10 20 30 40 50 60 1 ee ey re =e a) 7 8 9 
3 12127] 72333) 07551) 32539] 51921|67757) 59 
\E.67757 81147) 92745) 02976) 12127| 20406) 27963) 58 
5.27963] 34916) 41352) 46345) 52951) 58216) 63181; 57 
63181) 67877) 72332! 76570) 80611) 84472) 88168) 56 
& 88168) 91714) 95121) 98399) 01557] 04605] 07550) 55 . 
6.07550] 10398] 13155} 15828) 18421] 20938) 23385) 54 
23385) 25765] 28081| 30337| 32536) 34681) 36774) 53 
36774|38817| 40814) 42766) 44675) 46543] 48372) 52 
48372] 50162) 51916) 53636! 55323) 56977| 58600) 51 
58600] 60194) 61759) 63296) 64896) 66291167751! 50 dabikh 
§6.67751| 69186] 70598! 71988) 73355] 74702) 76028) 49 
76028) 77334) 78620) 79888! 81137) 82369] 83584] 48 
83584) 84782] 85963) 87129) 88279) 89414) 90535) 47 
90535| 91641) 92733) 9381 2| 94877] 95930) 96970) 46 
2.96970 97997) 99013) 00017) 01009) 01990102960) 45 | ty J 
. 02960) 03920) 04869] 05807] 06736) 07655] 08564) 44 | 93} 187| 280: 373) 467) 560] 653) 746) 840 
08564) 09464) 10354) 11236) 12108) 12972/ 13827) 43 87 | 175) 263) 350} 438) 526) 614| 702/789 | 
13827] 146741 15513] 16344] 17167| 17982/18790| 42 | 82/165 248/331! 413] 496) 579| 662) 744 j 
18790) 19590] 20383! 21168) 21947| 22719] 23483] 41 | 78| 156) 234) 313) 391) 469] 547) 625) 704 ! 
23483) 24241) 24993) 25738) 26477] 27210] 27936) 40 | 74| 148) 222) 296) 370| 444) 518] 592) 666 § 
7.27936) 28656] 29371] 30079] 30782) 31479] 32171) 39 | 70| 140) 211) 281) 352) 422) 499) 563) 633 
| 32171|)32857| 33538] 34213) 34884) 35549] 36209| 38 | 67| 134) 201) 268) 335) 403] 470) 537| 604 Ff 
36295) 36864) 37514| 38159] 38800) 39435] 40067] 37 | 64] 128) 192) 256| 320) 385) 449) 513) 577 | 
40067| 40693) 41315) 41933] 42546) 43155) 43760) 36 | 61| 123) 184) 245) 306) 868) 430) 491) 552 § 
43760] 44361! 44957] 45549} 46138] 46722) 47302] 35 | 59] 118) 171) 235) 295] 353) 412) 471) 531 | 
7.47302) 47879) 48452) 49021) 49586) 50148] 50706) 34 | 56} 113) 169) 226] 282) 339) 396] 452) 509 § 
50706) 51260] 51811] 52358) 52902] 53443) 53980) 33 | 54! 109} 163) 218) 272) 327) 381) 436) 490 
53980) 54514) 55045) 55572) 560296] 56017| 57135) 32 | 52| 103) 157) 209] 262] 314) 367| 420| 472 
57135) 57650) 58162) 58670] 59176] 59679] 60179} 31 7 51] 101) 152) 202) 253) 303) 354} 405) 455 
60179) 60676} 61170] 61662! 62151] 62636! 63120) 30 | 49} 98] 147) 195) 244) 293/349] 392/441 | 
iaesaees 63600| 64078] 64553] 65026] 65496] 65964] 29 | 47| 95) 142) 189) 236) 284) 331| 378) 426 § 
65964) 66423] 66891] 67351] 67809| 68264] 68717) 28 | 46} 92) 137) 183) 229] 275) 321) 366) 412 | 
68717| 69167| 69616] 70061] 70505) 70946| 71385) 27 | 44] 89) 133) 178) 229) 267) 311| 355) 400 fF 
71385] 71822) 72257) 72689] 73119] 73548173974, 26 | 43] 86) 129/172) 215/ 258) 301] 344) 388 
73974! 74398) 74819] 75239: 75657| 760731 76487| 25 | 42] 83) 125) 167) 209] 251] 293] 334/377 
7.76487| 76898) 77308 77716] 78122) 78526] 78929] 24 41} 81) 122!162) 203) 243) 284) 325] 366 
78929) 79329] 79728] 80124] 80519] 80912} 81303] 23 | 40| 79/118) 158) 197| 237) 277) 316) 356 } 
81303] 81693) 82081] 82467] 82851] 83234|)83615| 22 4 39} 77) 115) 154) 192) 231] 270] 308| 347 
83615] 83994] 84372) 84747| 85122) 85494| 85866] 21 | 38] 75) 112) 150) 187| 225) 263] 300] 338 | 
85866, 86235) 86603) 86969) 87334! 87697] 88059 #20 37| 73] 109) 146) 182) 219) 256| 292/ 329 
( .88059) 88419] 88778! 89135] 89491] 89846] 90198] 19 | 36] 71) 106) 142) 178) 213) 249] 284) 321 
90198) 90550) 90900) 91248] 91596] 91941] 92286) 18 | 35] 70) 104/139) 174) 208| 243] 278) 313 
92286) 92629] 92970| 933 mM] 93650) 93987| 94324] 17 | 34] 68] 102/136) 170] 204) 238] 272) 306 
94324) 94653) 94992) 95325] 95656] 95986] 96315} 16 } 33] 66) 100) 133) 166| 199) 232] 265) 299 | 
96315) 96642; 96968) 97293] 97617| 97939) 98260] 15 | 32| 65) 97) 130) 162) 194/227) 259) 292 | 
7.98260 98580] 98899] 992171 99534) 99849] 00163] 14 | 32| 63) 95) 127) 158) 190) 222) 253) 286 | 
8.00163) 00476) 00788] 01099] 01409] 01717} 02025] 13 | 31] 62) 93) 124/155] 186/218} 248) 279 J 
02025) 02331| 02636] 02941] 03244] 03546) 03847| 12 | 30) 61} 91/121] 152/182) 212) 243) 273 
03847| 04147] 04446] 04744! 05041] 05336] 05631| 11 | 30! 60) 89/119) 148/178) 208] 238/268 | 
Tintin 05631) 05925) 06218} 06510] 06800; 07090) 07379] 10 | 29} 58) 87/116) 145/175) 204) 233) 262 
8.07379] 07667| 07954) 08240] 08525] 08809| 09092] 9 | 28| 57} 851114 1421171] 200) 228) 257 | 
09092) 09374 09656] 09936) 10216110494) 10772] 8 | 28) 56] 84/112) 14a] 168) 196) 924| 252 
10772) 11048) 11324] 11599] 11873] 12147/12419} 7 | 27] 55) 82)110)138/165!193 220) 248 | 
12419] 12691] 12961| 13231) 13500] 13768/14035| 6 | 27) 54) 81/108) 135) 162/189] 216) 243 | 
_ 14035) 14302) 14567) 14832) 15096) 15359) 05621) 5 | 26!) 53] 79) 106) 133] 159) 185! 219! 239 
- 15621) 15883| 16144) 16404 16663 16921|17179| 4 1 26] 52) 78/104] 130/156! 182] 208) 234 { 
17179) 17436) 17692) 17947| 18202) 18455) 18708) 3 | 25} 51] 77|102) 127|153)179| 204) 229 | 
18708] 18961] 19212) 19463] 19713) 19963) 20211; 2 | 25| 50) 75) 100) 125/150) 175] 200\ 224 
20211} 20459) 20706) 20953) 21198] 21444) 21688! 1 | 24] 49] 73} 98] 123/1471 172/196) 220 | 
21688} 21932) 22175) 22417) 22658] 22899} 23140) O | 24] 48] 72] 96) 120114511691 193/217 § 
60s. 50s. | 40s. | 30s. | 20s. | 108. | Os. M. Fis. | 2s. | 3s.| 4s. | 5s.| 68.) 7s. | 8s.| 9s. 
1! or 23 Hours, oR | 


wo 


APP. TIME A. M. 


PROPORTIONAL PARTS FOR SECONDS. 


H 


TABLE XXIX, 
LOGARITHMS OF THE APPARENT TIME, OR HOUR ANGLE. 


HOUR ANGLE, 1 HOUR, OR APP. TIME P. M. 


Ss. |p 8. 
50 60 


117 


PROPORTIONAL PARTS FOR SECONDS. 


24331) 24567 
25738) 25971 
27123) 27352 
28486) 28711 
29827) 30049 


1 2 52127| 52297 


32016) 32233] 32448) 32663 
33304) 33517) 33729) 33940 
34572! 34782) 34991| 35199 
35821) 36028) 36234) 36439 


31148) 31366 


8. Ss. 8. Ss. Ss. 
M. 0 10 20 30 40 
0 |8. 23140} 23379) 23618) 23856) 24094 
sd 24567| 24802) 25037| 25272) 25505 
2 2597 1| 26203) 26434| 26664) 26894 
3 27352) 27580] 27807) 28034) 28260 
4 28711| 28935] 29159} 29383) 29605 
5 |8.30049/ 30270) 30490| 30710) 30929 
6 31366) 31583) 31800 
7 32663] 32877) 33091 
8 33940} 34151) 34362 
5 35199| 35407] 35614 
5 10 |8.36439| 36644) 36849 
11 37662| 37864) 38065 
12, 38866! 39066) 39264 
13 40955| 40251| 40447 
14 41226) 41420) 41613 
15 |8.42382| 42573] 42764 
16 43522) 48710) 43898 
17 44647| 44833] 45018 
18 45757| 45940] 46124) 46306) 46489 
19 46852) 47034) 47215] 47395] 47575 
1 20 18.47934| 48113) 482992) 48470] 48647 
21 49002) 49178) 49355] 49531) 49706 
22 50056} 50231) 50405) 50579) 50752 
H 23 51098} 51270) 51442) 51614) 51785 


37053) 37256) 37459) 37662 
38266] 38467] 38667) 38866 
39463) 39660| 39858] 40055 
40642) 40837| 41032) 41226 
41806) 41998] 42191] 42382 


42954/ 43144) 43333} 43522 
44086) 44273) 44460) 44647 
45204) 45388] 45573] 45757 


46671| 46852 
47755) 47934 


49882) 50056 
50925) 51098 
51956) 52127 
52974] 53143 


Sey SS, ee) Scenes po ee eee 


48825) 49002) : 


Le eS ee Oe 


95|118 142] 166|190|213 | 
93] 116| 140] 163] 187/210 | 
92/115] 138]161| 184) 207 | 
91) 113} 136} 159} 181) 204 f 
89} 111/133] 156) 178/201 | 
87|109}131/153] 175] 198 | 
86 130}151}173}195 | 
85| 106] 128]149/170|192 | 
84] 105] 126]147| 168|189 | 
124}145/165]186 § 


| 122) 143) 163) 184 
120) 141}161}181 
119} 139} 159) 179, 
118) 137| 157)17 
154} 17 


83 


114] 133 
112) 131 
111/130 
1101128 

108} 126 
107| 125 
8} 106] 123 


150/169 | 
148] 167 | 
146|165 

144/162 | 


142/160 } 
141}158 } 
104/ 129/139) 157 f 
103/120] 1381155 | 


53980154147 
54975) 55139 
55957| 56120 
56928) 57089 
57888] 58047 


58837) 58994 
59776] 59931 
60704] 60857 
61621| 61773 
62529] 62679 


63427] 63576 
64315) 64463 
65194| 65340 
66664) 66208 
66926] 67067 


67777) 67918 
68620] 68759 
69454) 69593 
70281}70418 
71099) 71234 


71909] 72043 
72711| 72844 
73505] 73637 
74292) 74423 
75072) 75201 


56 79720) 79842 
57 80449] 80570 
58 81172) 81292 
59 81889} 82008 


75843) 75971 
76608) 76735 
77366) 77492 
78117| 78241 
78861] 78984 


52467| 52636) 52805 
25 |8.53143] 53311| 53479) 53646) 53814 
4 26 | 54147) 54313) 54479) 54645) 54810 
| 27 | 55139) 55303] 55467| 55631) 55794 
28 | 56120) 56282) 56 144) 56606) 56767 
29 | 57089| 57249) 57410) 57569) 57729 
30 |8.58047| 58206] 58364) 58522/ 58680 
31 | 58994) 59151) 59308) 59464) 59620 
32 | 59931) 60086 60241] 60395) 60550 
33 | 60857] 61011} 61164] 61317) 61469 
34 | 61773) 61925] 62076] 62228) 62379 
35 |8.62679| 62830] 62979] 63129) 63278 
36 | 63576] 63724} 63872) 64020) 64168 
37 | 64463] 64609] 64756 64902) 65048 
38 | 65340) 65485] 65630) 65775) 65920 
39 | 66208) 66352) 66496) 66639) 66782 
40 |8. 67067] 67209) 87252] 67494| 67635 
| 41 | 67918) 68059] 68199] 68340] 68480 
| 42} 68759) 68899) 69038] 69177| 69316 
} 43 | 69593| 69731) 69869] 70006) 70144 
p44) 70418) 70554) 70691) 70827) 70963 
45 |8.71234| 71370) 71505) 71640) 71774 
46 | 72043)72177|72311| 72444) 72578 
AT | 72844)72977| 73109] 73241) 73374 
48 | 73637|73768| 73900|74031/ 74162 
49 | 74423) 74553| 74683/ 74813] 74942 
50. |8.75201| 75330) 75458) 75587| 75715 
51 | 75971) 76099) 76227) 76354| 76481 
52 | 76735) 76862| 76988) 77114|77240 
53 | 77492/77617| 77742) 77867| 77992 
54 | 78241) 78365| 78489) 78613] 78737 
f 55 |8.78984) 79107| 79230) 79353| 79475 


79598) 79720 


79964) 80085 
80691| 80812 
81412) 81531 
82126) 82245 


80207) 80328) 80449 
80932) 81052/ 81172 
81651] 81770] 81889 
| 82363] 82481) 82599 


20s. | 10s. Os. 


10 or 22 HOURS, OR APP. TIME A. M. | 


85] 102) 119) 136}153 


83] 100/117/134/151 § 
82] 99/116} 132)149 | 
81} 98)114] 130/147 | 
80} 97/113]129} 145 | 
63} 80} 96) 111}127/143 | 
79) 95] 110} 126} 142 | 
94) 109] 125) 141 F 
93) 108}123)139 § 
92/107} 122} 138 
91/106] 121] 136 
90) 165] 119] 134 
104) 118/133 
1021117} 132 | 
101] 116) 130 
86] 100} 115) 129 


99/ 113/128 
98] 112) 126 
97] 111/125 
96/110) 124 | 
82} 95] 109] 123 | 
95] 108} 122 f 
941107| 121 
93] 106|119 
92] 105| 118 


90} 103} 116 
89) 102) 118 
88} 101] 114 
87/100) 113 


36 


oe | a | |] |. | ———— | ____.. |_ _____. |_____ B 


Sse 4sc 5s: 
PROPORTIONAL PARTS FOR SECONDS, 


15211. 


ee 


£ TABLE XXIX. | 
LOGARITHMS OF THE APPARENT TIME, OR HOUR ANGLE. 


PROPORTIONAL PARTS FOR SECONDS, 


8. 8. 
0 10 


83303) 83420 
84001) 84117 
84694 84808 
85380} 85494 


. 86060} 86173 


86735) 86847 


87404) 87515 


88068! 88178 
88726) 88835 


- 89379] 89487 


90026) 90133 
90668) 90775 
91306| 91411 
91938 92043 


488 8.92565] 92669 


93187| 93290 
93804) 93907 
94417|94519 


95025) 95126 
- 95628) 95728 


96227) 96326 
96821) 96920 
97411) 9750 

97996| 98094 


H 20 |18.98578| 98674 


H 26 
27 


99154) 99250 


8 .99727| 99829 


28 |9.00295/ 00390 


29 


00860) 00953 


H 30. 30. 9.01420) 01513 


01976] 02068 
02528) 02620 
03077) 03168 


03621) 03712 
- 04162) 04252 


04699) 04788 


Ss. Ss. Ss. Ss. Ss. 
20 | 30 | 40 | 50 | 60 


8.82599] 82717| 82835] 82952) 83069} 83187| 83303 


83537| 83653) 83769] 83885] 84001 
84233] 84348] 84464] 84579| 84694 


84923) 85037) 8E152)| 85266] 85380) ! 


85607) 85721) 85834) 85947] 86060 


86286] 86398] 86511| 86623) 86735 
86959| 87070) 87182) 87293! 87404 
87626] 87736) 87847| 87957| 88068 
88288] 88397| 88507| 88616) 88726 
88944| 89053) 89162| 89270] 89379 


89595) 89703) 89811) 89918) 90026 
90241} 90348) 90455) 90562) 90668 
90881) 90988) 91094] 91200| 91306 
91517] 91622) 91728) 91833) 91938 
92147 92252 92356] 92461] 92565 


92773 92877| 92980 93084| 93187 
93393) 93496) 93599] 93702) 93804 
94009) 94111) 94213) 94315) 94417 
94620] 94722) 94823) 94924| 95025 


95227| 95327] 95428] 95528) 95628 


95828] 95928) 96028) 96128) 96227 
96426] 96525) 96624| 96723) 96821 
97018} 97117| 97215) 97313/97411 


97607| 97704) 97802] 97899| 97996) : 


98191| 98288) 98384) 98481} 98578 


98770! 98866] 98963] 99058) 99154 


99346) 99441) 99536) 99632) 99727 
99917/| 00012| 00106} 00201| 00295 
00484) 00578) 00672) 00766); 00860 

01047 01140 01234) 01327 7| 01420 


HOUR ANGLE, 2 HOURS, OR APP. TIME P. M. | 


01606 01698 01791 01884) 01976 
02161] 02253] 02345) 02437| 02528 
02712) 02803] 02894) 02986| 03077 
03259} 03350) 03440) 03531) 03621 
03802) 03892) 03982) 04072) 04162 


04341) 04431) 04520) 04610) 04699 


04877| 04966) 05055) 05144) 05232 


05232) 05321) 05409) 05498) 05586] 05674) 05762 
05762) 05850) 05938) 06025) 06113] 06200] 06288 
06288) 06375) 06462) 06550) 06637) 06724) 06810 


- 06810) 06897) 06984) 07070] 07157) 07243] 07329 
07329) 07415) 07501| 07587| 07673| 07759) 07845 
07845] 07930] 08016] 08101| 08186) 08271) 08357 
08357) 08442) 08526) 08611] 08696) 08781) 08865 
08865) 08949 09034) 09118) 09202) 09286 09370 


. 09370) 09454) 09538) 09622] 09705] 09789] 09872 
09872) 09955] 10039] 10£23) 10205! 10288) 10371 
10371| 10453] 10536) 10619] 10701| 10784| 10866 
10866] 10948] 11030) 11112] 11194] 112761 11358 
11358) 11440] 11521] 11603] 11684] 11765] 11847 


- 11847] 11928] 12009] 12090) 12171] 12252 12332 
12332) 12413) 12494] 12574] 12655).12735| 12815 
12815) 12895) 12975] 13055) 13135] 13215] 13295 
13295] 13374] 13454) 13533] 13613] 13692113771 
13771) 13850) 13929) 14008) 14087| 14166] 14245 


14245] 14323) 14402] 14480) 14559] 14637] 14715 
5} 14793) 14871114949] 15027] 15105] 15183 
15260} 15338) 15415 15493 15570) 15647 

15724} 15802) 15879] 15955] 16032| 16109 

9 16186/ 16262] 16339 16415 16492) 16568 
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TABLE XXIX.’ : 
LOGARITHMS OF THE APPARENT TIME, OR HOUR ANGLE. 


HOUR. ANGLE, 3 HOURS, OR APP. TIME P. M. | PROPORTIONAL PARTS FOR SECONDS. 


59 
17024) 17100) 17175) 17251] 17326) 17402) 17477) 58 
17477) 17553) 17628) 17703] 17778) 17853) 17928) 57 
17928) 18003) 18077| 18152) 18227| 18301} 18376) 56 
18376) 18450) 18524) 18598) 18673) 18747/ 18821 55 - 


- 18821) 18895) 18968) 19042) 19116 19190 19263 BAG 
19263) 19337) 19410] 19483) 19557) 19630) 19703) 53 
19703) 19776} 19849) 19922) 19995) 20067] 20140) 52 
20140} 20213) 20285) 20358) 20430) 20502! 20574) 51 
20574 20647 20719 20791 20863} 20935] 21006} 50 


. 21006 21078 21150 21221 21293 21364: 21436) 49 
21507| 21578) 21650) 21721] 21792/ 21863] 48 

4] 21934) 22004) 22075) 22146] 22216] 22287| 47 
22358] 22428) 22498) 22569) 22639] 22709) 46 

22779 22849 22919 22989] 23059) 23128 ASL, 


93545} AL 
"23545 23615) 23684 23753) 23829 23891) 23960) 43 
23960] 24029] 24098} 24166) 24235] 24304) 24372) 42 
24372) 24441| 24509, 24577) 24646) 24714) 24782) 41 
247 82) 24850] 24918] 24985] 25054] 25122/25190) 40 


- 25190) 25257) 25325) 25393) 25460] 25527) 25595) 39 
25595) 25662) 25729) 25796) 25864] 25931) 25998) 38 
25998) 26065) 26132) 25198) 26265) 26332) 26398) 37 
2639 | 26465) 26532! 26598] 26664| 26731|26797| 36 
26797] 26863] 26929) 26995] 27061! 27127/ 27193) 35 

27259) 27325) 27390) 27456) 27521] 27587) 34 
27652) 27718] 27783] 27848) 27914| 27979) 33 
28044) 28109) 2817 4| 28239] 28304; 28368} 32 
28433) 28498] 28562) 28627) 28691| 28756: 31 
96] 28820) 28885) 28949 29013 29077 29141) 30 


29205) 29269] 29333) 29397| 29461] 29524) 29 
29588) 29652) 29715) 29779] 29842) 29905] 28 
29905) 29969} 30032} 30095) 30158} 30221| 30285] 27 
30285] 30347| 30410| 30473) 30536] 30599] 30661| 26 
30661) 307 24| 30787| 30849| 30912) 30974! 31036) 25 


- 31036} 31099} 31161) 31223] 31285) 31347) 31409) 24 
31409) $1471) 31583) 31595) 31657) 31719) 31780 
81780) 31842) 31903] 31965] 32026] 32088) 32149 
32149) 32210) 32272) 32333) 32394) 32455) 32516 
9) 32577 32638 32699 32760) 32820) 32881 


9.32881 32942 33002 33063 33123) 33184) 33244) © 
33244) 33304| 33365) 33425] 33485).33545) 33605 
33605) 33665) 33725) 33785) 33845) 33905) 33965 
33965) 34024) 34084) 34143] 34203) 34262] 34322 
34322) 34381) 34441) 34500 (34559) 34618) 34677 


. 34677] 34736|34795| 34854] 34913] 34972| 35031 
35031) 35090) 35148] 35207) 35266] 35324) 35383 
35383) 35441) 35499) 35558] 35616) 35674) 35733 
35733) 35791) 35849) 35907| 35965) 36023) 36081 
36081) 36139) 36196) 36254) 36312) 36369) 36427 


-36427| 36485) 36542) 36599] 36657| 36714) 36771 
36771) 36829) 36886) 36943) 37-000) 37057| 37114 
37114) 37171] 37228) 37285) 37342) 37399] 37455 

37455) 37512) 37568) 37625) 37682) 37738) 37794 
37794 37851 37907 37963 38020) 38076 38132 


+ 38132 38188 38244 38300 38356| 38412 38468 Pade 
38468) 38524) 38579) 38635) 38691) 38746) 38802 
38802) 38857| 38913] 38968) 39024| 39079) 39134 
39134) 39189) 39245) 39300) 39355) 39410) 39465 
39465] 39520] 39575 39630 39684) 39739 39794) 0 16) 
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8 or 20 HOURS, OR APP. TIME A. M. PROPORTIONAL PARTS FOR SECONDS. 


~T 7 7-7 7 


~I-I~T 


-~T -~7 


ay SJ oy J ST 


~T-T-T ~7 ~7 


7 
7 
6 
6 
6 
6 
6 


~ 
=P) 


as 


AAAAAIRAAADBAIAADAAD 


ee 


Jeocsclaaans 


120 


“TABLE XXIX. 


LOGARITHMS OF THE APPARENT TIME, OR HOUR ANGLE. 


HOUR ANGLE, 4 HOURS, OR APP. TIME P.M. — | PROPORTIONAL PARTS FOR SECONDS. 
Bh] Ss. 8. Ss. 8. 8. 8. ke a Ge ee ee 
M. 0 10 20 30 40 50 60 VP ).2 Ps tee Pée) 78 9 
0 |9.39794) 39849] 39903] 39958) 40012! 40067 40121 59 5| 13} 16; 22) 28) 33) 39) 44) 50 
1 40121) 40176] 40230) 40284] 40339|.40393| 40447| 58 5| 11) 16) 22) 27) 33]. 38) 44] 49 7 
2 40447] 40501) 40555) 40609] 40663) 40717| 40771; 57 5| 11) 16) 22) 27] .32| 38) 43) 49 
i 3 40771} 40825) 40879] 40933) 40986) 41040] 41094| 56 5| 11) 16} (22) 27) 32) 38) 43) 49 
5 64 41094 41147| 41201 41254 41308 41361 41415) 55 S| 11) 16) 21) 27) 32) 37) 43] 48 
Res 3.41415 41468| 41521 41575 41628 41681 41734| 54° i) 32| 37| 43) 48 
6 41734| 41787] 41840) 41893] 41946] 41999] 42052) 53 5 32) 37; 43] 48 
Ay 42052) 42105] 42157| 42210) 42263) 42315) 42368] 52 i) 31| 37| 42) 47 
es 42368} 42420) 42473) 42525) 42578) 49630] 42682) 51 5 31) 37) 42) 47 
9 42682) 42735] 42787) 42839) 42891| 42943] 42996) 50 oy) 31) 36) 42) 474 
10 |9.42996| 43048) 43100] 43151] 43203] 43255) 43307| 49 5 31| 36) 42) 47 
H 11 43307| 43359) 43411] 43462) 43514) 43565|43617| 48 i) 31} 36) 41) 46 | 
H 12 43617| 43669) 43720) 43771| 43823] 43874/| 43925) 47 i) 31| 36) 41) 46 § 
i 13 43925) 43977) 44028! 44079) 44130) 44181] 44232) 46 i) 31| 36) 41) 46 
14 44232 44283 44334) 44385) 44436) 44487 44538 45 i) 31| 36) 41] 46 
},44538 44589 44639) 44690) 44741) 44791 44842 44 9) 30} 35) 40) 45 
44842) 44892) 44943) 44993) 45044) 45094| 45144) 43 5 30} 35; 40) 45 
45144] 45195; 45245] 45295] 45345) 45395} 45446] 4% 5 30} 35) 40) 45 
45446) 45496) 45546) 45595) 45645) 45695) 45745) 41 5) 30) 35) 40) 45 
45745 45795 45845 45894] 45944) 45994) 46043) 40 5 30| 35) 40) 45 
2} 46192) 46241) 46291) 46340) 39 4) 30} 35) 40} 45 
46488) 46537) 46586} 46635} 38 5) 29} 34) 39) 44 
46782) 46831) 46880] 46929) 37 +s) 29} 34) 39) 44 
A7076| 47124) 47173) 47222) 36 5 29; 34) 39) 44 
47367| 47416) 47464/ 47513) 35 5 29} 34; 39) 44 
h 25 |). 47513 47561 47610 47658) 47706 A7754 47803) 34 D 29] 34) 3g] 43 
f 26 47803) 47851) 47899) 47947| 47995) 48043) 48091] 33 i) 29] 34) 38) 43 
y 27 48091} 48139] 48187| 48235) 48282) 48330) 48378] 32 i) 29| 34} 38| 43 
A 28 48378) 48425] 48473] 48521] 48568] 48616) 48664| 31 5 29] 33} 38) 43 
29 48664) 48711! 48758) 48806) 48853) 48900) 48948) 30 J 28] 33} 38) 42 
H 30 |).48948/ 48995 49042] 49089) 49137| 49184| 49231] 29 5 28) 33} 38} 42 
1 31 49231] 49278) 49325] 49372| 49419] 49465) 49512) 28 5) 28} 33) 38 42 
32 49512) 49553) 49606] 49653) 49699) 49746) 49793) 27 Es) 28} 33) 37| 42 
: 33 49793) 49839] 49886) 49932) 49979) 50025] 50071) 26 5 28] 33] 37| 42 
h 34 50071 50118! 50 (50164 50211 50257) 50363) 50349) 25 & 28] 33) 37| 42 
35° |). 50349 50395 50441 50488 50534] 50580] 50626] 24 5 28] 32) 37} 41 
56 50626] 50672) 50717| 50763) 50809) 50855, 50901} 23 o 28} 32! 37| 41 
A 37 50901] 50946! 50992) 51038) 51083] 51129) 51174) 22 i) 27| 32) 36} 41 
‘ 38 51174] 51220) 51265) 51311) 51356) 51402) 51447) 21 5 27; 32) 36] 41 
39 51447) 53492) 51538) 51583) 51628) 51673) 51718) 20 4 27} 31) 36; 40 
40 9.51718} 51763] 51808) 51853) 51898) 51943) 51988) 19 4 27| 31} 36| 40 
; 41 51988] 52033] 52078) 52123) 52168] 52212) 62257) 18 4 7| 31) 36) 40 
y 42 52257) 52302) 52346) 52391 vata 52480] 52525) 17 4 27| 31 36 40 
y 43 52525] 52569) 52613) 52658) 52702) 52747) 52791| 16 4 27| 31| 36; 40 
y 44 32791] 52835] 52879] 52993 52968 53012 53056) 15 4 27; 31) 35) 40 
| 45 |).53056| 53100] 53144] 53188) 53239! 53276) 533201 14 | 4 26| 31} 35! 40 
f 46 53320) 53364| 53407] 53451! 53495! 53539) 53582) 13 a 26} 31] 35, 40 
b AT 53582| 53626) 53670) 53713) 53757| 53800) 53844) 12 4 26| 30| 35) 39 
48 53844) 53887| 53931) 53974) 54017) 54061) 54104) 11 4 26} 30) 35) 39 
h 49 54104! 54147| 54190) 54234) 54277] 54320) 54363) 10 4 26| 30). 35] 39 
f 50 |9.54363) 54406) 54449] 54492) 54535) 54578) 54621) 9 4 26} 30} 34| 39 
y Ol 54621) 54664) 54707| 54749| 54792) 54835) 54878} 8 A 26} 30) 34) 39 
H 52 54878} 54920) 54963) 55005| 55048) 55091] 55133] 7 4 26| 30) 34) 38 
1 53 55133) 55175) 55218) 55260) 55303) 55345| 55387] 6 “ 26] 30| 34] 38 
y 4 55387 55430 55472) 55514) 55556) 55598) 55641) 5 9 25) 29 34) 38_ 
59 |1,55641 55683 55725) 55767) 55809) 55851/ 55893) 4 4 25) 29) 34) 38 fF 
HOG 55893) 55934) 55976) 56018) 56060) 56102) 56144) 3 25) 29) 34) 38 J 
f OT 56144| 56185) 56227) 56269) 56310) 56352) 56393) 2 4 25] 29) 33; 37 | 
58 56393) 56435) 56476) 56518) 56559) 56601/ 56642) 1 d 25} 29| 33] 37 
4 59 56642) 56683) 56725) 56766) 56807| 56848) 56889} 0 4 25) 29} 33) 37 
60s. | 50s. | 40s. | 30s. | 20s. | 10s. | Os. Is 6s. | 7s.| 8s. | 9s. 
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PROPORTIONAL PARTS FOR SECONDS. 


TABLE XXIX. 


LOGARITHMS OF THE APPARENT TIME, OR HOUR ANGLE. 


HOUR ANGLE, 5 HOURS, OR APP. TIME P. M. 


57666 
57909 


58151 
1)58391 
58631 
58870 
59107 
59344 
59579 
59813 
60047 
60279 


60702) 60740 
60931) 60970 
61160) 61198 


.61613| 61651 
61839} 61876 


62287) 62324 
62509} 62546 
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20 | 30 | 40 


57787 
58030 


58271 
58511 


57706] 57747 
57949) 57990 
98191) 58231 
58431) 58471 
58671) 58711) 58750 
58909| 58949) 58988 
59147| 59186) 59225 


59422) 59461 


59383 
59618 
59852) 59891) 59930 
60085) 60124) 60163 


60318) 60356) 60395 


60549) 60587| 60625 
60779) 60817] 60855 
61008} 61046) 61084 
§1236) 61274) 61311 
61463) 61500) 61538 


61689) 61726) 61764 


8. 
50 


57828] 57868 
58070) 58110 


58311) 58351 
58551)| 5856 

58790) 58830 
59028] 59068 
59265) 59304 


59735 
59969 
60202 
60433 


60664 
60893 
61122 
61349) 6 
61576 


61801 


61914) 61951] 61988 
62138) 62175) 62212 


62249 


63787 


64002 
64217 
64431 
64644 
64856 


PROPORTIONAL PARTS FOR SECONDS. 
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65729) 65764) 65799) 65834] 65868) 65902) 65937 
-65937| 65971) 66006] 66040] 66074) 66109) 66143 


66143) 66177 
66348) 66383 
66553) 66587 
66757| 66791 


- 66959] 66993 
67161) 67195 
.67362) 67396 


67762| 67795 


66212) 66246] 66280 
66417) 66451| 66485 
66621] 66655) 66689 
66824) 66858) 66892 


66519) 66553 
66723) 66757 
66926} 66959 


67027| 67060} 67094 
67 228) 67262) 67295 
67429) 67462) 67496 
67629] 67662) 67695 
67828] 67861] 67894 


68026] 68059) 68092 


67128| 67161 
67329] 67362 
67529) 67562 
67729] 67762 
67927) 67960 
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TABLE XXIX. 
LOGARITHMS OF THE APPARENT TIME, OR HOUR ANGLE. 


HOUR ANGLE, 6 HOURS, OR APP. TIME P. M. | PROPORTIONAL PARTS FOR SECONDS. 


40 


30 


0 |9.69897| 69929] 69960) 69992] 70023] 70055| 70086} 59 3} 6 9 
A 4} 70086] 70118] 70149] 70180) 70211 70243] 70274] 58 3} 6| 9 
f 9 | 70274| 70306] 70337| 70368] 70399, 431) 70462; 57 3, 6 9 
3 | 170462] 70493] 70524| 70555! 70586] 7L617| 70648] 56 3] 6| 9 
4 «64 | 70648] 70680! 70710] 70741| 70772) 70803| 70834] 55 3} 6| 9 
1 65 (9.70834! 70865| 70896] 70927| 70958] 70988} 71019] 54 3} 6 9 
6 | 71019} 71050] 71081] 711111 71142171173] 71203] 53 3] 6| 9 
7 | 71203] 71234) 71265] 71295| 71326) 71356] 71387] 52 31 6] 9 
8 | 71387] 71417] 714481 71478] 71509] 71539] 71569] 51 3; 6| 9 
9 | 71569] 71600] 71630] 71660] 71691] 71721|71751| 50 aie oh. 9 
10 |9.71751| 71781) 71812) 71842] 71872) 71902| 71932) 49 Se Ob TA9 
11 | 71932) 71962! 71992! 72022] 72052] 7 3} 6} 9 
12 | 72112)72142) 72172) 72202) 72232 | rca RA 
13 | 72292) 72322) 72352] 72381|72411/7 3} 6| 9 
14 | 72471| 72500) 72530] 72560) 72589 3} 6} 9 
15 |9.72648| 72678] 72708] 72737] 72767] 727 3} 6| 9 
16 | 72825) 72855|72884) 72914| 72943 7 3} 6 9 
17 | 73002|73031)73060| 73090/73119 3} 6 9 
818 | 73177|73207/ 73936] 73265] 73294 31 Gl «9 
19 | 73352! 73381] 73410] 73439] 73468 3} 6] 9 
#20 9.73526) 73555) 73584] 73613] 73642 Pa Ba, 
21 | 73699] 73728) 73757] 73786] 73815] 73843 3} 6 9 
1 22 | 73872|73901| 73929] 73958] 7398717 3) 6 aco 
93 | 74044| 74072174101] 74129] 74158 3] Gig 
[24 | 74215) 74243) 74279] 74300) 74328174357 3° 6d 
4 25 |9.74385| 74413] 74449] 74470] 74498174 3] Blane 
1 26 | 74554|74583| 74611] 74639] 74667| 74695 3... 6 8 
127 | 74723|74751/74779| 74807| 74835) 74863) 74891 3]. Bs 
28 | 74891} 74919) 74947| 74975) 75003] 75031| 75059 3. 6h 8 
129 | 75059] 75086! 75114! 75142] 75170] 75197| 75225 31 6 8 
t 30 (9.75225) 75253] 75280) 75308) 75336] 75363) 75391 3, 5). 8 
315° 5) 8 
Sh? Bites 
pl ae ae 
3}: 5| 8 
3} 5 68 
Shei.) 8 
aan 8 
Sy ee Bra: 8 
31 5 68 
SL yedice 
{ 3} 5 68 
42 | 77167|/77194|77220| 77246] 77279) 77298|77325| 17 | 3} 5] 8 
4 43 | 77325|77351|77377| 77403) 77429) 77455] 77481 AR 
ya 77481) 77507| 77533] 77559] 77585 se Vasc alats] ek 
if 45 |9.77637|77663| 77689] 77715] 77741 3} 5] 8 
(46 | 77792|77818| 77844) 77870] 77895] 77921|7794 3 ; 8 
47 | 77947|77972|77998) 78024] 78049 Iie 
'f 48 | 78101) 78126) 78152|78177/ 78203 3, OS 
49 | 78254) 78279) 78305| 78330) 78355) 78381 ai Oia 
‘f 50 |9.78406| 78431) 78457| 78482] 78507| 78533] 78558] 9 3; 5| 8 
‘51 | 78558] 78583] 78608) 78633] 78659] 78684|78709| 8 “lie | Gabe 
H 52 | 78709|78734| 78759] 78784| 78809] 78834| 78859| 7 3} 5] 7 
1 53 | 78859] 78884|78909| 78934] 78959|78984|79009| 6 2 eels RAY 
54 | 79009) 79034] 79059) 79084] 79108] 79133] 79158] 5 as a 
55 |9.79158] 79183] 79208) 79232) 79257179282) 79306] 4 ieee eg 
/§ 56 |. 79306) 79331) 79356) 79380) 79405] 79430| 79454) 3 3 iad | lal 
7 | 79454) 79479) 79503] 79528] 79552|79577/79601| 2 Ra RS 
58 | 79601! 79626] 79650) 79674] 79699|79723|79747| 1 7) A 
59 | 79747| 79772179796) 79821| 79845] 79869| 79893] Of} Q| 5) 7 


‘-—_|[_——_—_ — |————_ | —_... | —_—__. | — | | OP SE —E SS se 
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60s. 50s, 1840s, 1030s; '! 208; 110s. Os. 1s, } 2s. | 3s.| 4s. | 5s.] 6s. 1 7s.) 88.] 9s. 


BARE ha tank BIA. ch tr Bhd dca Dacha li aaa lle Rieti Retin Meade Ge FOE et RE AS 
5 or |7 HOURS, OR APP. TIME A. M. PROPORTIONAL PARTS FOR SECONDS. 


TABLE XXIX, 123 
LOGARITHMS OF THE APPARENT TIME, OR HOUR ANGLE. 


HOUR ANGLE, 7 HOURS, OR APP. TIME P. M. | PROPORTIONAL PARTS FOR SECONDS, 

ie ek ee a) s. | s a 

M. 4.2 3b 46) Fae ee tre | Gg 
0 59 2) 5]. 7] 10} 12) 141 17) 19) 22 
1 58 2h SL F110) Tot Pale a7 19}, Be 
9 57 2} dt. 7} 10) 12) 14) 17] 19) 22 
ee 56 2: Be TP LO Fol) Lapeer top. 22 
§ 4 | 80470)80494) 80517| 80541] 80565] 80588) 80612) 55 2; 51 Yj 9) 12) 14} 16] 19) 21 
5 54 % 5p 7) 9) 19) 14) re) Spe 
6 53 2, 5! 7 69} 19) 14) 16; 19) 21 
” 52 2) 5} Yi 9 12] 14] 16) 19} 21 
8 51 Se oT) Ob aap 14) Pepe 
9 50 2} 5} 7 9} 11) 14] 16] 18) 21 
10 | 49 2) 5] (7) OF 13) 14) 16) 18 oT 
11 48 2) 5) 7} «9 11) 141 16] 18} 21 
12 AT 2 SP FP POF Lae ia 1 6p 18h ae 
13 46 Bh 7) OMT ELAR Laie 1 8et ea 
14 45 2) 5 7} 9} 11] 14) 16] 18] 20 
15 |). A4 Fe ae OTA 14a bl Peas 
16 43 HS 7 Ol 11/014) 16l 18720 
17 42 OB WO) VA Tare 1k. 20 
18 A] Bae 7 8 Ta 14h 26h 28h 20 
19 AO poe aed Maa) Wo eo) 2 a es 
20 39 91. Al 7] 69} 11) 13] 15) 18) 20 
f 21 38 A ae | inal Ra) Ge We 6 es] am lines 1 PA 
22 37 Weal OU) ON VTLS Lotter See 
23 36 Oe Ay OW. OF Tae 131 Téa she Z0 
94 35 CA 6 OF TT CUS  POPe 7h ag 
25 34 Zh Al 6.) SLA 18a Sarai ke 
,.26 33 Al 60 SE Tia lapel nore ve 
27 32 QA GUN OO TU BRS Gat ee 
28 31 ye. | Fa} Ue a We Eis ss) dy By de A 
29 30 AL 6b 8) ANAS La 17h 19 
30 |9.83969| 83990] 84011184033) 84054] 84075] 84096) 29 9} 4| 6] 8 11| 13] 15) 17] 19 
31 28 Oe Al NGL? 8] LA MESIAL Se Tio 
32 27 Bh FAV SEL 8) BUTS 17h ao 
33 26 Oo) ae bbe 8) PATE AL oie Tyr srs 
34 25 9 4 6] 8} 10); 12] 14] 16] 18 
35 | 24 2} A} 6) 8 10] 12] 14) 16) 18 
36 93 2} Al 6] 8] 10] 12) 14] 16) 18 
37 22 2} Al 6] 8! 10] 12} 14) 16 18 
1 38 91 9 A) 6] 8! 10; 12] 14) 16] 18 
39 20 2} 4) 6] 8 10) 12] 14; 16) 18 
40 |9. 19 | Al wee) 10} 12) 14). 16.18 
i 41 18 2} 4} 6] 8! 10] 12] 14) 16] 18 
42 17 2 Al 66]. 8} 10] 12) 14] 16] 18 
1 43 4 16 2} Al 6] 8! 10] 12] 14! 16; 18 
44 15 2} 4} 6| 8! 10] 12] 14] 16) 18 
“45 (9. 85802 85822) 85841] 85861 85881 85900 pa 14 2} al 6] 8] 10} 12] 14] 16) 18 
| 46 13 2} Al 6! 8| 10} 12] 14) 16) 18 
1 47 12] 2) 4) 6} 8 10} 12) 14) 16) 18 
48 11 2 4} 6] 8} 10} 12] 14} 16) 18 
h 49 10 2} 4! 6 8 10) 12) 14) 16) 18 
h 50 ) OAS Gia PRO! ATI 3) 15) 17 
1 51 8 OH AES Bite Shen O11) 1.3) 15) Ae 
A 52 7 Qt AleeGtacome sO t th 13) 1S LF 
} 53 6 Dinh Gl Sk Of 11] 33) TS) AT 
H 54 5 Oy Meo St wero lit Tal" La VF 
9. -86952| 86971 86990| 87008) 87027| 87045|87064| 4 OP Abe Git Se Ol ATA SL Let oL7 
87064| 87083] 87101] 87120] 87138) 87157| 87175} 3 Ol Ai Genet VO La eer Looby 
1 57 7175| 87194] 87212] 87231| 87249] 87268187286} 2] 2 4) 6 7 9} 11) 13) 15] 17 
87286] 87305] 87323] 87341| 87360] 87378] 87396) 1 D1 SAN EB lye” OF LT PALS) Sia 
87396] 87415] 87433] 87451] 87470] 87488] 87506] 0 Dr ab 6h Flee gh ANS asp See 


60s. | 50s. | 40s. | 30s. } 20s. | 10s. | Os. | M. 1 1s.! Qs. | 3s.| 4s. | 5s.| Gs. | 7s.] 8s.] 9s. 
4 or 16 HOURS, OR APP. TIME A. M. | PROPORTIONAL PARTS FOR SECONDS. 
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TABLE XXIX. 
LOGARITHMS OF THE APPARENT TIME, OR HOUR ANGLE. 


HOUR ANGLE, 8 HOURS, OR APP. TIME P. M. 


8. . 
1) 


5 Ss. 8. Ss. 


20 


8. 
60 


| 


PROPORTIONAL PARTS FOR SECONDS. 


M. 0 30 40 50 P42 RS aa Ss 718 9 
0 19.87506] 87524| 87543} 87561| 87579] 87597| 87615) 59 2) 44 5} 7 9} 11113) 14] 16 3 
1 87615] 87633] 87652) 87670| 87688] 87706] 87724) 58 St PANG 7] 9) 11] 13] 14] 16 
2 87724| 87742) 87760] 87778) 87796| 87814| 87832) 57 2) -4|- Sle Tp 9p - 21 18f 14 £6 I 
3 87832) 87850) 87868] 87886) 87904| 87921] 87939) 56 De PAE eG 7 9) 11; 13) 14] 16 
4 87939] 87957| 87975) 87993] 88011} 88028) 88046) 55 Bho, Ape SB 7 9| 11) 13) 14) 16 
5 |3.88046) 88064) 88082) 88100} 88117] 88135] 88153] 54 Bri a GR ree ye Oise y ae por va FG 
6 88153] 88170) 88188) 88206] 88223) 88241| 88259) 53 2 3 3) omy 9} 11] 12; 14) 16 
4 88259] 88276) 88294! 88311! 88329] 88346] 88364) 52 Qe 3fe SE FL PORE Pee POP 4h BG 
8 88364! 88381) 88399} 88416] 88434) 88451] 88469} 51 2 a2 Of °F 9} 11) 12) 14) 16 
an) 88469} 88486] 88503} 88521 88538 88556] 88573} 50 2 3 at ae 9} 11} 12) 14] 16 
10 |9.88573] 88590] 88607] 88625] 88642! 88659| 88677 2 3 ‘§) 7 Si 10) 191 T4P Fs 
11 88677} 88694) 88711} 88728] 88745] 88763] 88780 AP OSs See VTE Bee TOe Per oT ae es 
12 88780] 88797) 88814] 88831) 88848) 88865) 88882 2 Bre ESP. OTE Ree THM Tar 14s Be 
13 88882) 88899] 88916} 88933] 88950! 88967| 88984 Oe Se. oS 7 8 10) 12) 14) TS 
7 14 88984) 89001} 89018] 89035! 89052) 89069| 89086 2 5 Ba | 7 8 10) 12) 14), 6 
15 |9.89086| 89103] 89120] 89137| 89153] 89170) 89187 BP Sl Bh OTE TREO Vary adi BG 
h 16 89187| 89204) 89221] 89237| 89254] 89271] 89287 We S32 SES TR” PRP aeG ore AL By 
1 17 89287} 89304] 89321] 89338] 89354] 89371) 89387 2 Ope | 8 10); 12) 14) 15 
fF 18 89387] 89404] 89421! 89438] 89454) 89470] 89487 2 3 SE Oy Sl FON TS Sue Bp 
b 19 89487| 89503] 89520! 89536] 89553] 89569] 89586 2 3 5) ees SP~ PO TO 23h be 
4 20 |9.89586) 89602) 89619] 89635) 89651) 89668] 89684 2 Sheree Te Bee PG Peewee ee ee 
; 21 89684! 89701] 89717| 89733) 89749] 89766] 89782 Osta ear 8! 10} 12) 13} 15 
A 22 89782) 89798] 89815] 89831] 89847| 89863] 89879 2) 3b Bh Fe BM 10 POP 1S Bee 
A 23 89879] 89896] 89912! 89928] 89944| 89960) 89976) : 2) 3A Sie SGP BP FOR TIPPS ee 
24 8997 6] 89992! 90008) 90024) 90040) 90056) 90072) ¢ 2 3 5} 66 8; 10} 11} 13) 14 
H 25 |).90072] 90088! 90104) 90120) 90136) 90152/ 90168 A 3le St GF 8} 10) «11) «13) 14 
f 26 90168! 90184) 90200) 90216] 90232] 90248) 90263 2; 3) «=5} 6} 8) 10] 11) 13) 14 
i 27 90263) 90279} 90295) 90311] 90327) 90342) 90358) : 2 ant ore far ad 11} 13} 14 § 
A 28 90358] 90374] 90390) 90405] 90421) 90437] 90452 2 3 Sy 6p (8b 10ers 14 i 
29 90452} 90468] 90484| 99499] 90515] 90531] 90546 2 SH Sey 06}? BPS TO Lie ae awe 
H 30 |).90546] 90562] 90577] 90593] 90608] 90624| 90639 2 o 5 6} 8 Th" 1S" y4 
; el 90639! 90655] 9067 0| 90686] 90701] 90717) 90732 2 SND 6} 8 11} 12) 14 
| 32 90732) 90747) 90763] 90778) 90794] 90809| 90824 BV Bie OF SEES PS Tt) Varia 
#3 90824) 90840} 90855} 90870] 90885) 90901| 90916 Oise 5 6) 8 Tit Pee 
} 34 90916 90931 90946] 909611 90977) 90992! 91007 Waa: | oes OFS tl) 12) .v4 
35 |9.91007| 91022) 91037) 91052] 91067] 91083) 91098 9 3 4 6 7 1Oe- 19) 74 
36 91098) 91113} 91128) 91143] 91158] 91173] 91188 2 S 4 6 7 TOYZ) ye 
37 91188} 91203) 91218} 91233] 91248] 91262) 91277 2 3 4 6 7 POTD By Tee 
38 91277) 91292) 91307} 91322) 91337] 91352] 91367 vs 3 4 6 7 10; 12) 14 
H 39 91367] 91381) 91396) 91411] 91426] 91440) 91455 g 3 4, 6 7 10) 12): 124 
40 |9.91455} 91470) 91485] 91499] 91514] 91529] 91543 1 3, 4 6| 37 LOY Lois 
f 41 91543] 91558) 91573] 91587| 91602) 91616) 91631 1 3 4 6 7 10) 1283 
R42 91631) 91645) 91660) 91674| 91689| 91703} 91718 1 3 4) 6 7 10 12 13 
A 43 91718} 91732) 91747| 91761] 91776) 91790] 91805 1 3 4 6 7 10; 12): Tg 
h 44. 91805] 91819) 91833] 91848] 91862) 91876) 91891 1 3} 4 6 7 10} 12) 13 
45 |9.91891) 91905) 91919) 91934) 91948] 91962/ 91976 1 oeeere: 6 7 SP 10). 211: 13 
H 46 91976) 91991) 92005) 92019| 92033] 92047/| 92061 1 ote 6 7 > 8h 20) 4.493 
i 47 92061) 92076] 92090] 92104) 92118) 92132/ 92146 1 3 4 6 7; “S| 10) 11] 13 
f 48 92146) 92160] 92174) 92188] 92202] 92216] 92230 ] Se 6 7 Sr 10 1 che 
; 49 92230] 92244) 92258) 92272) 92286) 92300| 92314 He’) Bt. 4b +6)? Tie Sie POe Daria 
‘ 50 |9.92314| 92328] 92342) 92355) 92369| 92383192397] ¢ 1 on Ae 7 St 10) “Ti aa 
bO1 92397) 92411) 92425] 92438] 92452! 92466|92480| 8 1 Si rt 6 z S TOP rT tS 
H O2 92480) 92493} 92507} 92521] 92534192548] 92562) 7 pe ab ot 24a 7 8| 9) 11) 12 
53 92562) 92575) 92589} 92603) 92616} 92630] 92643] 6 te" 3, 4 ot VRS Sr renee y 
A OA 92.643) 92657| 92670) 92684) 92698! 92711|/92725! 5 1 By Al: Pee 8 9} 11) 12 | 
55 19.92725] 92738] 92751| 927651 927781927991 92805] 4 1}. 3) 4 <5) ete 8) heehee 9 
y 56 92805} 92819) 92832) 92845} 92859} 92872|92885) 3 a. 3} ab OEE Ps Spee eee ees 
! 57. 92885) 92899] 92912) 92925] 92939) 92952192965} 2 1 3 fr Se 8 mais. Va 
H 58 92965) 92978] 92992) 93005] 93018) 93031193044} 1 1 Bb? (4tiet Brew 8 9} 10) 12 
59 93044| 93057] 9307 1] 93084] 93097| 93110) 93123) 0 If’ 3b 4) Cal oh Spares OF) TS 
60s. | 50s. | 40s. | 30s. | 20s. | 10s. | Os. | M. | 1s.) 2s. | 38.| 4s. | 5s.}-6s. | 7s.] 8s.| 9s. 


3 oR 15 HOURS, OR APP. TIME A. M. 


PROPORTIONAL PARTS FOR SECONDS, 
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TABLE XXX. 


FOR CORRECTING THE LONGITUDE BY CHRONOMETER FROM THE EFFECT OF AN 
ERROR IN THE LATITUDE USED IN FINDING THE TIME. 


-TABLE A. 
Enter this Table with the Latitude worked with at the Side, and the Hour Angle at the Top. 
(See explanution of this Table at page 144.) 


HOUR ANGLE. HOUR ANGLE. * HOUR ANGLE. HOUR. AN./H. A. 


2A Wy a ee ae er aie Soe dee a EE ae CI. ee Cy 9 (Penne eee eee eee SS rere | | fier Veen facet 
M.jH. M.|/H. M.|/H. M./H. M.||H. M./H. : .|H. AH. -|H. M.J/H. M.!/H. M./H. M.|;H. M.JH. M.!H. M. 


“10)1 20/1 30/1 40/1 50}}: ‘ 3 O03 15/3 30/3 45]/|4 4 30/5 O 

my t ryt rr tne nile AANA rer wt 

710. 6|0. 5/0 0. 210. 210. 1/0. 1//0. 1/0. O10. O 

0.1510.13/0.12/0. 10/0 0. 4)0. 4/0. 310. 21/0. 2)0. 210. 1 

2010.17|0.15]0 0. 7/0. 60. 5)0. 4|/0. 3/0. 210. 2 

27/0.23/0.20)0.18)0.16 0: 910. 8105.7 6/0. 510. 410. 3 

3410. 29/0.25/0. 22/0. 20 0.1110. 9/0. 8/0. 7)}0. 6/0. 5/0 

35/0 4/0.13/0.1110.1010. gi|O. 7/0. 5|0.. 4 

41\0 0.15/0.13/0.11/0.10|/0. 8)0. 6/0. 4 

47\0 0.16/0.1510.13/0.11)/0.10)/0. 7j0. 5 

53/0 22110.1910.1710.15/0.13)|0.11/0. 8/0. 6 

. 00. f : i .34)0. ‘ .25}/0.2210.19]0.17/0.15]/|0.13/0. 9/0. 6 

7\0. 0.24/0.21/0.19]0.16]/0.14/0.10/0. 7 

13|1. 0.26/0.23/0.20/0.18]/0.15]0.11]0. 7 

20)1 0. 29/0. 26)0.22/0.20)/0.17/0.12/0. 8 

28/1 10. 32/0. 28/0. 25/0. 22110.19/0.13]0. 8 

35/1 0.34/0.3110. 26/0.23/|0.20)0.14]0. 9 

1. 0.37/0.33/0.27/0.25}|/0.22/0.16/0.10 

bE. 0.40/0.35/0.31/0.27|/0.23)0.17|0.11 

1. 0.43/0.38/0.34/0.29//0.25]/0.18 6.11 

1. 0.47/0.41/0.36/0.31//0.27/0.190.13 

2. v.50/0.44/0. 3910. 34|/0.29/0. 2110.13 

2. (0.54/0.47/0.41/0.36]|0.31/0.2210.14 

g/2. 10. 58/0. 5110.44)0.391'0.34)0. 2410.16 

ae i}. 210.55/0.47/0.41)/0. 36/0. 2510.17 

2. 1. 7/0.5810.51/0.44/|0.38/0.28/0.18 

2. 1.11]1. 310.5510.47//0.41]0.29/0.19 

3. j1.17|1. 7/0.59)0.51)|0.44/0.32/0.20. 

3. 1.23]1.131. 310.55]/'0.47|0.34/0.22 

3. 1.29/1.18]1. 810.59|/0.51)0.37/0.24 

3. '1.36/1.24/1.14]1. 4/|0.55/0.40/0.26 

4. 1.44/1.31]1.20/1.10) 1. 0/0.43/0.28 
11.53/1.39/1.26/1.16|/1. 5|0.47/0.30 § 

2. 3/1.58/1.34/1.291/1.1110.5110.33 

2.15/1.58]1.43/1.30//1.1810.56/0.36 

'2.28/2.1011.54/1.3901.26/1. 1/0.40 


TABLE B. 
Enter this Table with the Declination at the Side, and the Hour Angle at the Top. 


HOUR ANGLE. HOUR ANGLE. HOUR ANGLE. HOUR AN.|H. A. § 


: ja. M.jH. M.JH. M.JH. M./H. M.||H. M./H. MH. M./H. M.jH. M.||H. M(H. MJH. M./H. M. 
N12 10}1 201 301 40/1 50/2 O12 10/2 20/2 30/2 45/3 O18 15/3 30/3 4 


fre yr mre wie myer ryt tn ne niet try rer mr nit rie aANA vr 


. 40. 410. 410.04/0. 3/l0. 310. 3l0. QI0. 2 

8i0. 810. 70.0710. 7/0. 610. 510. 510. 5 
.13/0.12/0.11/0.10/0.10!!0. 9/0. glo. slo. 8 
0.14/0.14/0.13)/0.12/0.11/0.11/0.10 
01910-1710, 16]/0.15)0-.£4)0.13]0,12 


aaa ea 
.26/0.25/0.231/0.2110.2010.19/0.18 


Or 
xm 
uF 
— 
w 
> 
or 
> 


-12)0.11/0.10]0. 9 
-19)0.16)0.15}0.14 
-25/0.22/0.201/0.18 
- 31/0. 28/0. 25/0.23 


0.37/0.3310.300.28 
-44/0.39/0. 3510.32 
-50)0.45)0. 4110.37 
-57\0.51/0.46/0.42 
- 40.57)0.52/0. 47 


e111. 4/0.58/0.52 
-18)1.11]1. 4)0.57 


34/0.32/0.30/0.28/0.26]|0.25/0. 23/0. 2210.21 
- 39/0 .36/0.34/0.32/0. 2911/0. 28/0.26/0.25)0.23 
-44/0.41/0.38)0.36)0.33//0.31/0.29)0. 28/0. 26 


54010 45K a AiO BT 0<3AN- 2940-80-25 


.54)0.4910.46/0.44/0.41/0.37/0.3510.34/0.32)/0.: 


OIC} Oo OC 0.0/ 0°00 0 © 
ww 
So 
=) 
bo 
D 
i) 


126 TABLE: AXXI 
LOGARITHMS OF THE APPARENT DISTANCE. 
APPARENT DISTANCE. 
18° 19° 20° 21° 9° 23° 
M. Log. 5. | Log. 'l'. | Log. 5 Log. S.; Log. T.] Log. 8. | Log. T. Log. 'T. | Log. & Log. T. M. 
0 |0.4900|0. 5118) .5126/0.537010.534110.561110.5543/0.584210.5736|0.6064|0.5919|0.6279| 0 
1 5122] 5130 5344| 5615) 5547] 5846 606§} 5922} 6282) 1 | 
9 5126) 5134 5347| 5619} 5550| 5849 6071} 5925} 628€| 2 
3 5131} 5137 5351] 5622) 5553} 5853 6075} 5928} 6289} 3 
4 5135) 5141 5354] 5626) 5556] 585 6079] 5931} 62931 4 
5 0.513910.5145)0 535810 5630/0. 5560/0 .5861)0 5751/0. 0.60820 .593410.629¢| 5 | 
6 5143] 5148 5361} 5634| 5563} 5864 6086] 5937] 630C| 6 | 
Y 5148] 5152 5365} 5638} 5566] 5868 6090} 5940] 6302) 7 
8 5152] 5156 5368] 5642) 5570| 5872 6093] 5943] 6307] 8 
1 9 5156) 5159 53721 5646] 5573| 5876 6097} 59451 6310] 9 
10 |3.4938|0.5161]0.5163/0.5411]0.5375|0. 5650)0 .5576|0 .5879|0.5767\0.6100W 5946/0. 6314 
$11] 4942] 5165) 5167 5379| 5654] 5579} 5883 6104) 5951} 63171 
12 5169] 5170 5382| 5658] 5583] 5887 6108} 5954} 6321 
13 5173] 5174 5385| 5662 5586} 5891 6111} 5957! 6324 7 
14 9541 51781 5177 5389| 5665! 5589] 5894 61151 5960| 6328 
15 |0.4958]).5182)9.5181}0.54310. 5392/0. 5669}0. 55920. 5898]0. 5782/0. 611810 .5963)0. 6331 
16 51R6] 5185 5396] 5673] 5596] 5902 61221 5966| 6334 
17 5190] 5188 5399] 5677) 5599} 5906 6126} 5969} 6338 
18 5195] 5192 5402] 5681} 5602! 5909 6129} 5972) 6341 
} 19 5199] 5196 5406} 5685) 5605} 5913 6133} 5975] 6345) 19 | 
1 20 10 4977|).5203]0. 519910. 5409|0.5689]0 . 560910 .591710. 5798/0. 6136)0. 5978/0 .6348 
7 21 5207] 52038 5413] 5693) 5612} 5921 6140 6352] 21 | 
H 22 5212) 5206 5416} 5696) 5615} 5924 6144 6355] 22 f 
1 23 5216] 5210 5420} 5700} 5618} 5928 6147 6359| 23 | 
} 24 5220) 5213 5423] 5704) 5621} 5932 6151 6362 J 
1 25 |0.4996\0 .522410.521710.547 11) 542610. 5708}0 . 562510 . 593510 5813/0. 615410 .599210. 6366) 25 | 
j 26 5228] 5221 5430| 5712) 5628} 5939 6158 6369 : 
27 5233] 5224 5433] 5716) 5631] 5943 6162 6373] 27 } 
1 28 5237] 5228 5436] 57201 5634| 594 616 6376 
29 5241) 5231 5440| 5724] 5638} 5950 6169 6380 ; 
30 (0.501510. 524510. 5235/0549 110 544310 .572710. 564110 .595410. 582810. 6172]0 .6007\0. 6383 j 
31 5249} 5239 5447| 5731) 5644] 5958 6176) 6010} 6386} 31 
a 32 5254] 5242 5450] 5735) 5647} 5961 6179} 60131 6190] 32 § 
33 5258] 5246 5453] 57391 5650] 5965 6183] 6016| 6393] 33 | 
34 5262) 5249 5457| 57431 5654} 5969 6187 6019} 6397| 34 | 
135 1).5034|0. 526610 525310 5460\0.5747]0. 565710. 5972]0 .5844/0. 6190}0.6022/0.6400| 35 f 
36 5270) 5256 5463| 5750} 5660; 5976 6194} 6024} 6404| 36 § 
37 5275] 5260 5467| 57541 5663) 5980 6197} 6027} 6407} 37 | 
| 38 52791 5263 5470] 5758] 5666] 5984 6201} 6030} 6411] 38 
39 52831 526 5474| 57621 5670| 5987 6204] 6033! 6414] 39 § 
1 40 |0.5052)0 5287]0.5270|0.553110. 547710. 57 66]0. 56730-59910. 5859|0 .6208|0.60360.6417| 40 f 
j 41 5292] 5274 5480| 57701 5676) 5995 6211 6421} 41 § 
42 5295] 5278 5484| 57731 5679] 5998 6215 6424] 42 | 
1 43 5299] 5281 5487] 57771 5682} 6002 6219 6428] 43 | 
44 5304] 5285 5490} 5781} 5685} 6006 6222 6431| 44 
45 |0.5071|0.530810.5288|0.555110.5494|0. 578510. 568910. 6009|0. 5874/0. 6226/0. 605010.6435| 45 
1 46 5312) 5292 5497| 5789] 5692] 6013 6229 6438| 46 t 
1 47 5316] 5295 5500! 5792) 5695] 601 6233 6441} 47 f 
4 48 5320) 5299 5504] 5796] 5698} 6020 6236 6445] 48 § 
| 49 5324] 5302 5507| 5800] 5701] 6024 6240 6448| 49 
1 50 |0.5090\0.5329]0. 5306/0. 5571]0.551010.5804]0. 5704|0 . 602810. 588910. 6243]0.606510.6452) 50 | 
} 51 5333] 5309 5514| 5808] 5708} 6031 6247 6455| 51 § 
1 52 5337] 5313 5517| 5811] 5711] 6035 6250] 6070} 6459] 52 F 
53 5341] 5316 5520| 5815| 5714] 6039 6254 6462] 53 | 
54 5345] 5320 5523] 5819] 5717] 6042 6257| 6076} 6465] 54 & 
155 (0.5108)0.534910 .5323|0.5591/0. 552710. 582310. 572010. 604610. 5904/0.6261]0.6079|0.6469| 55 | 
| 56 5353] 5327 5530| 5827] 5723] 6050 6264 6472] 56 F 
1 57 5357| 533 5533] 5830] 5726] 6053 6268 6476| 57 
1 58 5362] 5334 5537] 5834) 5730] 6057 6271 6479] 58 
59 5366] 533 5540| 58381 5733] 6060 6275| 6090} 6482) 59 
60 5370] 5341 5543] 5842] 5736] 6064 9| 6279) 6093] 6486] 60 § 
aM. Log. 8. Log. T. | Log. 8. ‘Los. 8. Log. T. Log. ig Log. T. Log. 8.! Log. T.} Log. a “Log. T. MM. j 
18° i ae 22° 23° 


APPARENT DISTANCE. 


"TABLE XXX. 
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er ee ee 


LOGARITHMS OF THE APPARENT DISTANCE. 
APPARENT DISTANCE. 

24° 25° 26° 27° 28° 29° ‘ 

M. Log. 8. | Log. T. | Log. 8. Log. ‘I. T.| Log. 8. | Log. 'I'.| Log. 8 Log. 8.) Log. ‘I’. | Log. 8. | Log. ‘I’ M. i 

1 0 10.6093/0. 648610. 6259/0. 6687/0 .6418]0. 688210. 657010. 7072]0.6716)0.7257|0.6856/0.7438] 0 § 
h 1| 6096} 6489} 6262) 6690] 6421) 6885] 6573] 7075} 6718} 7260] 6858} 7441) 1 
h 2] 6099} 6493] 6265) 6693] 6424) 6888] 6575} 7078) 6721| 7263) 6860} 7443] 2 
3 | 6102) 6496] 6268) 6697] 6426) 6891] 6578) 7081] 6723} 7266] 6863} 7446) 3 
1 4} 6104) 6499] 6270} 6700} 6429] 6895} 6580] 7084] 6726) 7269] 6865} 7449} 4 
5 10.6107|0.6503]0. 6273/0. 6703]0.6431/0. 6898]0. 6583/0. 7087]0 .6728/0.727210.6867/0.7452| 5 
6 | 6110) 650] 6276) -6706| 6434) 6901] 6585} 7090] 6730) 7275] 6869) 7455) 6 
1 7 | 6113} 6510] 6278! 6710] 6437) 6904} 6588) 7093] 6733] 7278] 6872) 7458] 7 
8 | 6116} 6512] 6281) 6713] 6439) 6907] 6590) 7097] 6735] 7281] 6874] 7461] 8 
1 9 | 6119} 651€} 6284) 6716] 6442) 6911] 6593) 7100} 6737) 7284] 6876) 7464) 9 
10 |0.6121/0.6520}). 6286/0. 6720]0.6444/0.6914]0.6595)0.7103]0.6740/0.728710.687810.7467| 10 
11 | 6124) 6523) 6289) 6723] 6447) 6917) 6598) 7106| 6742) 7290) 6881} 7470) 11 
12 | 6127] 6527] 6292) 6726] 6449} 6920} 6600) 7109] 6744) 7293] 6883] 7473] 12 
13 | 6130} 6530] 6295) 6729] 6452! 6923] 6603] 7112] 6747) 7296] 6885) 7476] 13 
14 | 6133! 6533] 6297) 6733] 6455) 6927] 6605) 7115] 6749) 7299) 6887) 7479] 14 

15 0.613510. 6537|0- 630010. 6736|0.6457|0. 693010. 6607/0.7118|0.6752/0.7302\0. 689010. 7482 159 
116 | 6138} 6540} 6303) 6739] 6460} 6933] 6610} 7121] 6754) 7305} 6892) 7485] 16 
17 | 6141} 6543] 6305! 6743] 6462} 6936] 6612} 7125) 6756) 7308] 6894) 7488] 17 

18 | 6144) 6547] 6308 6746] 6465) 6939} 6615) 7128] 6759) 7311] 6896) 7491] 18 § 

#19} 6147) 6550} 6311/ 6749} 6467) 6942) 6617} 7131] 6761) 7314] 6899) 7494) 19 | 
H 20 \0.6149]0. 655510 .631310.6752]0.6470|0.6946)0 .6620|0.7134]0.6763/0.7317]0.6901/0.7497) 20 
he21 | 6152} 6557] 6316) 6756) 6472) 6949] 6622) 7137] 6766} 7320) 6903} 7500) 21 
22} 6155} 6560] 6319) 6759) 6475] 6952] 6625) 7140] 6768] 7324] 6905] 7503) 22 
23} 6158) 6564} 6321! 6762) 6477| 6955| 6627) 7143] 6770) 7327) 6908] 7506) 23 
24 | 6161) 6567} 6324) 6765| 6480) 6958] 6629} 7146] 6773) 7330) 6910) 7509) 24 
2 25 10.616310. 65700. 6327/0 .676910.6483)0. 6962/0. 6632/0.7149]0.6775/0.7333]0.6912/0.7512) 25 
1 26 | 6166) 6574] 6329) 6772} 6485] 6965] 6634) 7152) 6777| 7336) 6914) 7515) 26 
27 | 6169) 6577] 6332) 6775] 6488] 6968} 6637) 7156] 6780) 7339) 6917) 7518) 27 
#28 | 6172) 6580} 6335) 6778] 6490| 6971] 6639) 7159] 6782) 7342) 6919) 7521) 28 
29 | 6175] 65841 6337] 6789] 6493| 6974) 6642 7162} 6784| 7345] 6921) 7523) 29 
30 |0.6177|0. 6587/0 .6340/0. 678510. 6495/0. 6977/0 . 6644/0. 7165[0.6787|0.7348)0 .6923|0.7526 el 30 
31} 6180] 659C} 6342) 6788] 6498) 6981] 6646} 7168} 6789} 7351) 6926) 7529) 31 
H 32 6183} 6594) 6345) 67911 6500) 6984| 6649| 7171] 6791) 7354] 6928 7532 32 
f 33 | 6186) 6597] 6348) 6795} 6503} 6987) 6651) 7174) 6794) 7357} 6930) 7535) 33 
#34 | 6188) 660C] 6350) 6798] 6505} 6990] 6654) 7177] 6796) 7360] 6932) 7538) 34 
f 35 10.6191/0.6604|0- 6353/0. 6801/0.6508)0. 699310. 6656\0 7180/0 .6798/0.736310.693510.7541| 35 
A 36 | 6194) 6607] 6356} 6804} 6510} 6996] 6659) 7183} 6801) 7366) 6937| 7544) 36 

37 | 6197| 6610} 6358} 6808] 6513} 6999] 6661) 7186] 6803) 7369) 6939) 7547| 37 | 

38 | 6199} 6614] 6361) 6811] 6515) 7003] 6663) 7189] 6805! 7372) 6941; 7550) 38 § 

4 39 | 6202) 6617) 6364) 6814) 6518) 7006) 6666) 7192) 6808) 7375) 6943) 7553) 39 f 
1 40 |0.6205|0. 6620[0 6366/0. 6817|0. 6521/0. 7009|0 . 66680 .7196]0.6810/0.7378|0.6946)9.7556| 40 

41 | 6208} 6624] 6369) 6821) 6523) 7012] 6671) 7199), 6812) 7381} 6948| 7559) 41 § 
42 | 6210) 6627] 6371] 6824] 6526} 7015} 6673) 7202) 6814) 7384) 6950) 7562) 42 
43 6213] 6630] 6374| 6827] 6528] 7018] 6675) 7205] 6817| 7387) 6952] 7565] 43 
‘44 | 6216] 6634) 6377| 6830] 6531] 7022) 6678) 7208 6819) 7390] 6954) 7568) 44 
45 |0.621910.663719- 6379/0. 683410.6533/0. 702510. 6680/0. 7211]0-6821/0.739310.6957|0.7571) 45 
46 | 6221} 6640] 6382) 6837] 6536] 7028] 6683) 7214] 6824) 7396] 6959] 7573] 46 
47 | 6224) 6644] 6385) 6840} 6538} 7031] 6685) 7217] 6826} 7399) 6961} 7576) 47 
48 6227| 6647] 6387) 6843] 6541) 7034] 6687| 7220) 6828! 74021 6963] 7579) 48 
49 | 6230} 6650} 6390) 6846] 6543) 7037] 6690) 7223) 6831) 7405 7582} 49 
50 |0.6232/0.6654]0 . 6392/9, 685010 .6546/0. 7040/0 . 6692/0. 7226]0.6833/0. 740810 .6968/0.7585| 50 

51 6235} 6657) 6395) 6853] 6548} 7043) 6695) 7229) 6835) 7411 7588} 51 | 
152] 6238) 6660] 6398) 6856] 6551) 7047) 6697) 7232] 6837) 7414] 6972) 7591) 52 
153 | 6240) 6664] 6400} 6859] 6553} 7050} 6699} 7235) 6840) 7417] 6974) 7594) 53 

154] 6243) 6667} 6403! g6g63l 6556 7053] 6702) 7238] 6842) 7420) 6977| 7597] 54 | 
55 |0. 624610. 667010 - 6405/9. 6g66)0. 655810. 7056|0.6704|0. 72410 .6844]0.7423]0.69790.7600| 55 

56 | 6249] 6674] 6408! 6869} 6561} 7059} 6707| 7245] 6847] 7426] 6981} 7603) 56 § 
57 | 6251) 6677] 6411) 6872} 6563] 7062} 6709) 7248] 6849) 7429] 6983) 7606) 57 
58 | 6254} 6680} 6413) 6875) 6566] 7065] 6711) 7251} 6851) 7432) 6985} 7609) 58 
59 | 6257} 6683; 6416) 6879] 6568} 7069 6714) 7254] 6853) 7435) 6988) 7611| 59 

f 60 | 6259 6687| 6418) 6882} 6570} 7072} 6716) 7257] 6856) 7438) 6990) 7614) 60 § 
WM. | Log. 8. | Log. T. | Log. 8. Log. T.| Log. 8. | Log. T.| Log. 8. | Log. T. | Log. &. |Log. T. | Log. 8. ‘Loe.’ | M, 

24° 25° 26° 97° | 28° 


APPARENT DISTANCE. 


ar eho assoe 


LOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE. 


> 7300} 8039 gi" 8205 
30 |0.7055)0.770119.718110.7873 


f 31 7057| 7704) 7183) 7876, 7304) 8045} 7421) 8211) 7533) 8374) 7641) 8535) 31 ¥ 
A 32 7059) 7707| 7185} 7879] 7306} 8047] 7423} 8213] 7535] 8377] 7643} 8538) 32 | 
g 33 7061| 7710} 7187) 7882] 7308 8050! 7425] 8216] 7537! 8379] 7645) 8541) 33 | 
h 34 7063) 7713] 7189) 7885} 7310) 8053} 7427; 8219] 7539} 8382) 7647| 8543} 34 


1 35 |0.706510.7716]0.719110.7887 


; 30° 31° 32° 38° 
M. |Log. &. | Log. T. | Log. 8. ) Log. T.] Log. 8. | Log. TI} Log. 8. | Log. T. eek lo ute le Pe tik et 
9 10.6990|0.7614]0.711810.7788 
1 | 6992) 7617| 7121) 7791) 7244, 7961] 7363} 8128 : | 58E 
29} 6994] 7620} 7123) 7793] 7246) 7964] 7365} 8131 
3 | 6996] 7623] 7125) 7796] 7248) 7966] 7367) 8133 : 
4| 6998| 7626] 7127) 7799] 7250] 7969] 7369} 8136 1 
5 10. 7001/0. 7629)0. 7129/0. 780210. 725219. 797210.737110.8139]9. 748510. 8303/0. 7595/0. 8466 ‘ 
6 | 7003} 7632) 7131] 7805) 7254, 7975] 7373] 8142] 7487| 830€| 7597; 8468! 6 | 
7 | 7005} 7635] 7133]. 7808] 7256] 7978] 7375} 8145) 7489] 8309] 759S| 8471] 7 % 
g | 7007} .7638| 7135] 7811) 7258] 7980] 7377| 8147] 7491; 8312} 760C] 8474; 8 | 
7008] 7641] 7137) 7813] 7260) 7983] 7379] 8150] 7492} 8314] 7602| 8476) 9 | 
£10 |9.7012)9.7644]9.713910.7816]). 726210. 79861). 7380/0. 8153]0.749410.8317}0.7604|0. 8479} 10 
fii | 7014] 7646) 7141) 7819] 7264) 7989] 7382] 8156] 749E€} 8320] 760} 8482} 11 
12 | 701€] 7649} 7144] 7829] 7266) 7992) 7384! 8158] 7498! 8323) 7607} 8484} 12 | 
H 13 | 7018) 7652) 7146] 7825) 7268) 7994] 7386] $161] 7500} 8325) 7609) 8487 13 | 
214 | 7020) 7655) 7148] 78a} 7270) 7997] 7388} 8164] 7502) 8328} 7611} 8490} 14 | 
| 15 |0.702219.765810. 715010. 7831]).7272/0.8000]0.739010.8167]0.750410 8331]0.7613/0.8493) 15 | 
116 | 7025} 7661] 7152} 7833] 7274 8003] 7392! 8169] 7505} 8333] 7615| 8495] 16 F 
b 17 | 7027) 7664] 7154) 7836) 7276] 8006] 7394] 8172] 7507} 8336] 7616} 8498) 17 | 
118 | 7029) 7667] 7156) 7839} 7278} 8008} 7396) 8175] 7509} 8339] 7618} 8501) 18 f 
719 | 7031) 7670| 7158] 78491 7280} 8011] 7398] 8178} 7511] 83421 7626] 8503} 19 | 
20 |9.7033]0.767319.7160|9.784519.7282/0.801410. 7400/0. 8180]0.751310.8345]0.7622|0.8506) 20 
91 | 7035] 7675] 7162). 7849] 7284] 8017] 7402! 8183} 7515| 8347] 7624] 8509} 21 | 
22 | 7037| 7678) 7164) 7850] 7286} Sogo] 7404} 8186] 7517] 835C] 7625} 8511} 22 § 
A 23 | 7040] 7681] 7166) 7852] 7288] 8022] 7406] 8189} 7518] 8352] 7627} 8514] 23 | 
£24 | 7042} 7684) 7168] 7a5e] 7290! 8025] 7407] 8191] 7520| 8352] 7629} 8517] 24 F 
25 |0.7044|0.7687)).7171/0.7859])- 729210. 8028]0. 740910. 819410. 752210. 835819.7631/0.8519) 25 
f26 | 704€| 769C) 7173| 7Ra62] 7294} 8031] 7411] 8197] 7524] 8361] 7632) ~8522) 26 
27 | 704s! 7693] 7175| 7865) 7296] 8034] 7413} 8200] 752¢| 8363) 7634} 8525} 27 
28 | 705C| 7696} 7177| 7Zs6Rl 7298] 8036€| 7415] 8202] 7528] 8s36el 763€ 35271 28 | 
29 | 7052] 7699] 7179] 7870 75291 8369] 7638] 8530) 29 | 


0.7312/0.8056]0 . 7428/0 .822210.7540/0.8385|0.7648)0.8546| 35 
A 36 7068} 7719] 7193) 7890] 7314) 8059} 7430) 8224) 7542) 8388) 7650) 8549) 36 
y ov 7070} 7722) 7195} 7893] 7316) 8061) 7432) 8227) 7544) 8390| 7652) 8551) 37 
f 38 7072| 7725) 7197) 7896] 7318} 8064] 7434) 8230) 7546) 8393} 7654; 8554) ; 
39 7074, 7727) 7199} 7899} 7320) 8067} 7436) 8233] 7548} 839) 7655) 8557) 39 
1 40 (0.7076/0.7730]0. 720110. 790210. 7322|0. 80700. 7438/0 .8235)0. 7550/0. 8398]0.7657|/0.8559| 40 


41 | 7078] 7733] 72031 7904 
142 | 7080] 7736] 7205] 790% 
7 43 | 7082) 7739]. 7208] 7910] 7328] 8078] 7444) 8243 
#44 | 7085| 7742] 7210) 7913] 7330) 8081] 7446] 8246 


45 |0.7087|0.7745)9.721210.7916]9.733210.8084]0.7447|0.824910. 
46 7089} 7748] 7214) 7918] 7334] 808] 7449) 8252 
47 7091) 7750} 7216) 7921] 7336) 8089] 7451} 8254 
48 7093) 7753] 7218) 7924) 7338) 8092] 7453) 8257 
49 7095} 7756} 7220) 7927] 7340} 8095] 7455) 8260 


50 |0.7097/0.7759]0.722210.793010.734210.8097/0.745710. 8263)0. 


7324) 8072) 7440} 8238 
7326] 8075) 7442) 8241 


7551} 8401 
7553} 8404 
7555) 8406 
7557| 8409 


7659) 8562! 41 
7661} 8565) 42 
7662) 8567! 43 

7664) 8570) 44 


7668) 8575) 46 
7669} 8578) 47 
7671; 8581| 48 
8583) 49 | 


7561| 8415 
7562! 8417 
7564} 8420 
7566} 8423 


8589] 51 | 


ol 7099| 7762) 7224) 7933] 7344); 8100] 7459} 8265 

52 7102) 7765] 7226) 7935] 7345) 8103] 7461] 8268 8591) 52 } 
153 | 7104) 7768) 7228) 7938] 7347) 8106] 7462) 8271 8594! 53 } 

54 7106} 7771) 7230) 7941] 7349} 8109] 7464} 8274 8597! 54 ¥ 


).7351/0.811110.7466|0.8276)0. 7% 
7353} 8114) 7468} 8279 
7355, 8117] 7470) 8282 
7357| 8120] 7472) 8284 
7359| 8122] 7474) 8287 
7361] 8125] 7476 8290 

Log. 8.4 Log. T. | Log. 8. | Log. T. 
32° 33° 

APPARENT DISTANCE. 


55 10.710810.7773]0.7232\0.7944 
56 7110} 7776) 7234) 7947 
feed 7112) 7779) 7236) 7949 
H 58 7114) 7782) 7238) 7952 
, 59 7116} 7785) .7240| 7955 
i 60 7118) 7788} 7242) 7958 
4 M. | Loew 8. 'Log. T. | Los. 8. | Lor, T. 
; | 30° 31° 


TABLE XXXL , 


LOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE, 


129 


36° 


3 Sie ay “39° 
APPARENT DISTANCE. 


40° 


41 


47 | 
48 | 


53 | 


i 


4 
i 
H 


é 
) 


36° A ha 
* |Log.S:| Log. T. 
7. : 2 
1 “7694 7796 “8774 "g0s2) 9241 "8171 9394 
21 7696 7798| 8776 8084| 9243] 8172) 9397 
3 | 7697 7800| 8779] 7898) 8936] 7993] 9091] 8085) 9246] 8174! 9399 
4} 7699 7801) _ 8782} 7900; 8939] 7995) 9094] 8087| 9248) 8175) 9402 
5 10.7701)0. .9097|0. 808810. 925110.817710.9404 
6| 7703 8090! 9254 8178] 9407 
7 | 7704 7806| 8790 8091} 9256] 8180) 9409 
8 | 7706 7808] 8792 8093| 92591 8181] 9412 
91 7708 8094; 9261} 8182) 9415 
10 |0.7710|0. .8096/0.926410.818410.9417 
11] 7711 8097| 9266] 8185} 9420 
12] 7713 8099} 9269! 8187) 9422 
13] 7715 8100} 9271! 8188) 9425 
141 7716 8102} 92741 8190] 9427 
15 |).7718)0. .8103/0.9277/0.819110.9430 
16 | 7720 7821; 8813 8105! 9279] 8193] 9432 
17 | 7722 7823] 8816 8106} 92821 8194) 9435 
18 | 7223 7825| 8818 8108} 9284] 8195) 9438 
19 | 7725 tek f 8821 8109} 9287] 8197) 9440 
90 1).772710. .8111/0.9289]0.819810.9443 
121 | 7728 8112) 9292] 8200) 9445 
6221 7730 8114| 9295) 8201| 9448 
1231 7732 8115} 9297} 8203] 9450 
94) 7734 8117} 9300] 8204) 9453 
25 1).7735|). 914810.811810.930210.82060.9455) § 
126) 7737 "7838| 8839 "035 ‘hea "3029 9151} 8120) 9305] 8207] 9458 
197 | 7729 7810} 88421 7937; 8998] 8031) 9153] 8121} 9307] 8208! 9460 
28°} 5740 7841| 8845} 7938! 9001] 8032] 9156] 8122) 9310} 8210; 9463 
291 774 vii 8847] 7940) 9008} 8034] 9158] 8124) 9312} 8211} 9466) 
1 30 1).7744)) 7942/0. 900610 .80350.916110.81250.9315)0.821310.9468) 30 
131! 7746 “TBC "8852 7943| 9009] 8037] 9164] 8127} 9318] 8214) 9471] 31 
e2 + 7747 7848} 88551 7945) 9011] 8038) 9166) 8128) 9320] 8216) 9473) 32 | 
133 | 7749 7849| 8858! 7946] 9014] 8040) 9169) 8130] 9323] 8217] 9476 
las) 7751 7851) 8860] 7948} 9016] 8041) 9171) 8131) 9325] 8218, 9478| 34- 
| 35-|).7752 51). 7853,0.886319.7949/0.901910.8043/0.9174/0.8133/0. 932810 .82200.9481| 35 
36 | 7754 7854| 886-] 7951! 90221 8044) 9176] 8134) 9330; 8221) 9483] 36 
37 | 7756 7856| 8868] 7953} 9024] 8046 9179] 8136) 9333) 8223) 9486} 37 
38 | 7758 7858| 88711 7954} 9026] -8047| 9182] 8137) 9335) 8224) 9488] 38 
39 | 7759 7859| 8873] 7956) 9029] 8049) 9184] 8139, 9338) 8225) 9491) 39° 
49°19.7761 ).7861|0.8876]9.7957/0.9032]0.8050/0.9187]0.8140|0.934110.8227/0.9494} 40 
i441} 7763 7863} 8879] 7959| 9035] 8052) 9189 p42 9343] 8228) 9496} 41 
veo fF TY 64 7864; 8881] 7960| 9037| 8053! 9192] 98143! 9346) 8230) 9499) 42 
43 | 7766 7866, 8884] 7962} 9040} 8055} 9194) 8145) 9348) 8231) 9501) 43 
j4i) 7768 7867| 8886] 7964; 9042} 8056) 9197| 8146) 9351) 8233) 9504| 44_ 
1 45 11.7769 0.7869/0.888910.796510.9045|0. 805X/0. 9200]0. 8148/0 .9353)0.8234/0.9506| 45 
+ 46] 7771 7871| 88921 7967} 9048] 8060} 9202} 8149) 9356} 8235) 9509) 46 
at 7772 7872) 8894] 7968] 9050} 8061] 9205{ 8150) 9358] 8237) 9511 
{8} 7774 7874| 88971 7970] 9053] 8063} 9207] 8152) 9361] 8238] 9514 
49 | 7776 7876| 88991 7972! 9055] 8064) 9210] 8153) 9364] 8240) 9516] 49 
50.19.7778 -7877\0.8902(0.7973|0.9057/0.80660.9212)0.81550.936610.8241/0.9519| 50 4 
51 | =780 7879) 8905] 7975! 9060! 8067] 9215] 8156) 9369] 8242) 9529] 5! 
52 | 7781 7880| 8907] 7976) 9063} 8069} 9218] 8158} 9371] 8244) 9524] 5 
1 53 783 7882] 8910] 7978! 9066] 8070) 9220] 8159} 9374] 8245) 9527 
4 785 7884] 89121 7979] 9068] 8072} 9223] 8161) 9376] 8247; 9529) 5! 
55 |9.778610. -7981/0.907110.807310.9225)0.8162/0.937910.82480.9532| 55 
56 (788) 8761] 7887) 8918} 7982! 9073! 8075} 9228] 8164) 9381] 8249) 9534| 56 
ont 270C 7889] 8920] 7984) 9076} 8076] 9230} 8165] 9384) 8251} 9537) 57 
op i 7791 7890| 89231 7986 9079) 8078] 9233] 8167} 9387] 8252) 9539] 58 
59 | 7793 7987| 9081} 8079] 9236] 8168} 9389] 8254] 9542) 59 
60 | 7795 7989 9084) 8081; 9238] 8169! 9392) 8255| 9544) 60 
MM. Log. 8. | Log. T. Mar Log. T. | Log. S. | Log. T. | Log. S. | Log. T.| M 
Log. 8. {Li Se Neate A 


* TABLE XXXI. 
LOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE, 


44° a iboy” 47° 
S Fars S.| Log. 'T. | Log. 8. |Log. ‘I’. ~S. | Log. ‘I. s.| Log. T. M. 
-9848]0 .8495)1. Bye 
"8419 8496 8642 “0306 1 
8420 7 8644} 0309} 2 
8422 8645} 0311] 3 | 
8423 y she 0314) 4 


-8424/0.9861]0. . -0316 
8426 ) "8648 0319 
8427 16 8650} 0321 
8651) 0324 
8652) 0326) 9 


7]0.8653]1 .0329 

8654| 0331 

8655} 0334 

8657! 0336 

8658| 0339 

.8659|1.0341| 15 | 
8359 8660] 0344] 16 } 
8361 8661| 0347) 17 § 
8362 c 7| 8662! 0349] 18 § 
8363 4: ( 20C] 8663} 0352] 19 % 
. 8365/0. 0.8444/0. : : F . 0202/0. 8665]1.0354) 20 
8366 , 053 5 8666] 0357| 21 } 
8367 5 5 8667| 0359) 22 | 
8369 ‘ 8668 
8370 8669 


8373 
8374 3 8602 
8603 


8604 0225] Oro 


1.0379) 
0382) « 
0385] © 
0387 
8610 0390 ‘ 
.8612)1. a 1.0392 
8613 0395 
8614 0397] « 
8615 0400} : 
8616 7] 0402 


-8618)1. 

8619 3685 “0407 
8620 0410 
8621 0412 
_ 8622) 0263 0415 


"8625 
8626 
8627 
8628 


85571. .8629|1. .8699]1 .0430 
8558 8631 8700} 0433 
8560 8632 8702| 0435 
8561 8633 8703] 0438 
8562 5 8634 8704} 0440 


8563/1 


8637 “8706 “0445 

8638 96] 8707| 0448 

8639 8708) 0451 

Of : 8640 F 8710| 0453 

8418 95|1. ¢ 52] 8641 302] 8711] 0456 

_| Log. 8. Loe. T.| Log. 8. |Log. T. | Loe. 8. |Log. T. | Log. S. | Log. T. | Log. 8.| Log. T. 
43° | ney 
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“TABLE XXX. 


48° 
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LOGARITHMS OF THE APPARENT DISTANCE. 
APPARENT DISTANCE, 
52° 53° 

Log. T. Log. Ss - | Log. 'T. ol .M. 
1.091640. 3965i1. 1072\0. -9023|1. 1229) 09 | 
8966] 1075, 9024) 1231) 1 § 

8967, 1077] 9025} 1234) 2-4 
3 8968] 1080} 9026} 1237 3 | 
4 ize 1082} 9027} 1239] 4 3 
5 -1085)0.9028]1.1242| 5 |} 
6 9029) 1245) 6 | 
7 | 8719! 0473 9030} 1247| 7 { 
8 | 8720! 0476 90311 12501 8 q 
9] 8721] 0479 9032} 1253] 9 | 
10 |0.872211 0481)) 1098)0.903311.1255} 10 | 
11 | 8723} 0484 9034) 1258] 11 | 
12 | 8724] 0486 9035} 1260| 12 | 
13 | 8725} 0489 9036] 1263] 13 | 
14] 8727) 0491 9037} 1266) 14 | 
15 |0.8728)1.0494)) 1.1111]0.9038!1.1268| 15 | 
16 | 8729 0496 9039} 1271) 16 | 
17 | 8730) 0499 9040; 1274] 17 | 
18 | 8731) 0501 9041} 1276) 18 | 
19 | 8732) 0504 9041 __ 1279) 19 4 
20 |0.8733]1.050619 1.1282) 20 | 
21 | 8734) 0509 9043] 1284) 21 | 
1221 8736) 0512 9044) 1287) 22 § 
23 | 8737] o514| 8: 9045} 1289 23 | 

24 | 8738] 0517) 8804 1292| 24 | 
1 25 10.8739]1. ). 8805|1 . 067: .1295 85] 
{26 | 8740] 0522] 8806 8991) 1140) 9048) 1297) 26 | 
27 | 8741} 0524] 8807 8992} 1142) 9049} 1300) 27 | 
28 | 87491 05% 8808 8993] 1145 1303 28 | 

2) | 874°] 0529) 8809 8994; 1148 1305} 29 
30 10.8745/1. .8810)1. 1.1308| 30 | 
1 31 | 8746 8812 8996, 1153] 9053| 1311 31 | 
132 | 8747 8813 8997| 1155) 9054) 1313] 32 | 
33 | 8748 8814 8998) 1158} 9055) 1316] 33 | 
434 | 8749 8815 8999| 1161] 9056) 1318) 34 } 
1 35 |0.8750|1. .8816|1. - 9000/1 .1163)0.9056|1.1321| 35 } 
36 | 8751 8817 9000 9057} 1324) 36 |} 
37 | .87592 9001 9058| 1326) 37 | 
38 8753 9002 1329| 38 4 
89 | 8755 1332| 39 § 
40 10.8756/1. 10. 8945/1. 1.1334] 40 § 
41 | 8757 8946 1337| 41 § 
42 | 8758 8947 9063} 1340| 42 ¢ 
43 | 8759 8948 1342] 43 } 
44] 8760 8949 1345] 44 § 
45 |0.8761l1. . 8950/1. 1.1348) 45 | 
146) 8762 8951 9067} 1350) 46 } 
47 | 8763 8952 9068} 1353] 47 # 
48 | 8765 8953 9069} 1356 ne | 

49 | 8766 8954 1358] 49 } 

50 10. 8767/1. . 8832/1. .8955|1. 1.1361| 50 | 
51 | 8768 8833 8956} 1048 1364| 51 } 
52 | 8769 8834 8957| 1051 9072| 1366 52 

153 | 8770 8835 8958} 1054 9073| 1369| 53 4 
154 | 8771 8836 8959} 1056 1371] 54 | 
55 |0.877Q|1. .8960)1. 1.1374] 55 | 
156 | 8773} 0598 8961 1377| 56 | 
57 | 8775} 0601 8962 1379] 57 | 
158 | 8776) 0603 8963 1382| 58 | 
59 | 87771 0606 8964 1385| 59 ¥ 

360 | 8778) 0608 8965 1387 

iM. Log. S. | Log. T. | Log. S. ! Log. T.] Log. 8. | Log. T. | Log. 8. | Log. T. | Leg. 8. | Log. T.| Log. 8. Log. T. MM. 
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APPARENT DISTANCE, 


59° 


9331 
9332 
9333 
9334 


"9335 
9336 
9337 
9337 


APPARENT DISTANCE. 


Log. 8. Log. Ty M. 


2212 60. 
9915) 59 
2218) 58 
2221) 57 
2224 .56— 


srieted 55. 

22929) 54 
9939 53 
2235] 52 
2238) 51 


1.2241] 50° 
2244) 49 
2247| 48 
2250} 47 
2252) 46 


2255) 45 


2258] 44 
2261) 43 
2264) 42 
2267| 41 


+2270) 40 


2273} 39 
2275) 38 
2278) 37 
2281) 36 
1.2284] 35 
2287) 34 
2290) 33 
2293) 32 
2296) 31 


1.2299] 30 


2301) 29 
2304) 28 
2307| 27 
2310} 26 
1.2313} 25° 
2316) 24 
2319] 23 
2322) 22 
2325) 21 
1.2327| 20. 
2330) 19 
2333] 18 
2336] 17 
2339) 16 


1.2342) 15 
2345) 14 
2348} 13 
2351) 12 
2354) 11 


1.2356] 10 


2359) 9 
2362) 8 
2365} 7 
2368! 6 


<2371| 5 


2374) 4 
9377| 3 
2380) 2 
2383! 1 
_ 2386|_¢ 0 


Tor. T.| Log. 8. Log. T.| M. 
120° | 
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APPARENT DISTANCE. 


63° 
M. Fchd SOA Leta Tea (Goodol -Sierced Log. 'T.| Log. 8. | Log. 'T. 
0 .2743]0.9499]1. 
1 2746] 9499 
2 27491 9500 
3 2752) 9501 
4 2755) 9501 


Se ee ee ee en pee ea, PES See es Paes —$<$<$__. | —.__ ———— 


-2400)0. ~2759)0 .9502)1. 
2403 2762) 9503) 2947 
2406 2765} 9503) 2950 
2409 2768} 9504) 2953 
2412) 9424 2771} 9505) 2957 


—— ef | 


Jom~ae 


10 |9 277410 .9505]1 .2960]0.9543]1.3150)0. 1.3346] 50 
11 2418 2777) 9506) 2963 9579} 3350}, 49 
12 2421 2780] 9506) 2966 9580} 3353} 48 


2424 2783] 9507) 2969 


9580} 3356] 47 
2427] 9428 2786] 9508) 2972 9581} 3360) 46 


- 242910. -2789)0 .9508)1 . 28 ‘ - 40. 9582/1 .3363) 45 
2792 9582) 3366] 44 
2795 9583) 3370) 43 
2798 9583) 3373} 42 
2801 9584| 3376) 41 


20 10.9: 244410. : ; 280410 .9512/1. 1.3183}0.9584/1.3380| 40 


21 Aé ‘ 2808] 9512 9585) 3383} 39 
22 2811} 9513 9586) 3386} 38 
} 23 2814) 9513 9586) 3390] 37 
24 2817] 9514 9587) 3393) 36 


ee ee ee ee ee eee 


25 |0.9393)1.2459)0. 26 : -2820]0 .9515)1 .3007 -9587|1.3396) 35 
2823] 9515) 3010 9588] 3400) 34 
2826) 9516) 3013 9588} 3403) 33 
2829} 9517) 3016 9589) 3406) 32 
2832) 9517) 3019 9590); 3410) 31 


30 |0.9397|1.2474 210. - 2835]0 .9518)1.3023)0. .3215]0.9590)1.3413) 30 
2838] 9519) 3026 9591| 3416) 29 
2841] 9519) 3029 9591) 3420) 28 
2844) 9520} 3032 9592) 3423) 27 
2848} 9520 9593) 3426) 26 § 


-2851/0.9521|1.303810.¢ .3231]0.9593)]1.3430) 25 
2854) 9522 9594) 3433] 24 
2857] 9522 9594) 3436) 23 
2860) 9523 9595) 3440) 22 
2863} 9524 9595| 3443) 21 


.2866]0.9524)1.3054/0.95 .3248)0.9596]1.3447| 20. 
2869) 9525 9597} 3450) 19 
2872) 9525 9597| 3453) 18 
2875} 9526 9598} 3457| 17 
2879} 9927) 3067 9598) 3460] 16 


“assal 9528 "9599| 3467/14 


47 2888} 9529 9600| 3470] 13 
48 2891} 9529 9601} 3473) 12 
49 2894] 9530 9601} 3477| 11 


50 10.9411|1. 2533 : .2897]0.9530/1. .9602]1.3480] 10. 
51 2900] 9531 9602| 3484) 9 
52 2903] 9532 9603] 3487) 
53 2907) 9532 9603} 3490] 7 
1 54 2910] 9533 9604| 3494) 6 
55 10.9415]1.2548]0.9456/1. : 311.2913]0.9534/1. .9604|1.3497| 5 
586 2916] 9534 9605| 3501| 4 
57 2919] 9535 9606] 3504) 3 
58 2922} 9535] 3112 9606] 3507] 2 
59 2925| 9536) 3115 9607] 3511] 4 
60 2928] 9537| 3118 3514 0 
M Log. 8. | Log. T. | Log. 8. Log. T. M. 


APPARENT DISTANCE. 


‘ TABLE | XocKt 
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APPARENT DISTANCE, 


° 67° 69° Ve tos 
a: Mog ej Lope Ta Whew ogr Ts - (Log. S.| Log. 1. | M. 
4630 
9757| 4634] 5! 
9758| 4638] : 
9758). 4643] 5 
9758} 4647| 56 
.9759|1.465) 
9643 9759| 4655 
9644 9760| 4659 
9645] 37: 9760| 4663 
9645 9761] 4667 
.9646)3. .9761|1 . 4671 
9761] 4676 
9762| 4680 
9762} 4684| - 
9763} 4688 


-9763]1.4692) 4: 
9764| 4696 
9764) 4700 
9764| 4705 
9765} 4709 


-9765|1.4713 
9766) 4717] ; 
9766) 4721 
9767| 4725 
9767| 4730) 36 


-9767|1.4734) 3: 
9768] 4738) : 
9768] 4742) 3% 
9769} 4746 
9769) 4751 


A755) 4 
9770) 4759 
9770| 4763 
9771} 4767 
9771; 4772) 2 


9772! 4780 
9773) 4784| 23 
9773) 4788) 22 
9773) 4793) 91 


4083]0.9721]1.4311]0.9748)1.454910.9774/1.4797) 20 
9662 9774) 4801) 19 
9662 c ¢ 5 9775| 4805) 18 
9663 s¢ 9775| 4810) 17 
9663 9775) 4814) 16 


-9776|1.4818] 15. 
9664 88 / ; 9776) 4822) 14 
9665 ¢ { RE 9777| 4827] 13 
9665 : 342 9777| 4831] 12 
9666 } f 9778} 4835] 11 


; ; 4839] 10. 
9667 4844 
9668 4848 
9668 é 4852 
9669 4857 


ast DMO 


9670 4865 
9670 25 4869 
9671 4874 
9671 4878 
9672 4882 


orn & & & 


APPARENT DISTANCE. 
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APPARENT DISTANCE, 


—— 


72° 74° 75° 76° 77° 
M. | Gog. 8.) Log. T. | Log. S. | Log. T.| Log. 8. | Log. T. | Log. 8.) Log. T- Log. 8. | Log. T. |Log. 5S.) Log. 1. M. 
0 10.978211.488210.9806/1.5147|0.9828)1 .5425}0. 9849/1 .571910.9869]1.603210.9887|1.6366| 60 
1| 9782 9829} 5430] 9850! 5725) 9869! 6038] 9888] 6372] 59 
2\ 9783 9829| 5435) 9850) 5730] 9870| 6043] 9888] 6378] 58 
3 | 9783 9829} 5439] 9850} 5735) 9870} 6048] 9888] 6384| 57 
4| 9784 9830| 5444] 9851) 5740] 9870! 6054] 988s) 6389] 6 
5 10.9784I1. 0. .5169}0.9830)1 .544910.9851]1.5745]0.9871/1.6059]0. 988911 .6395] 55 
6 | 9785 5174] 9821| 5454{ 9851} 5750] 9871] 6065} 9889] 6401; -4 
7 | 9785 9831] 5459} 9852! 5755) 9871] 6070] 9889] 6407] 53 
8 | 9785 9831} 5463} 9852) 5760] 9872} GO76} 9890] 6413] 52 
9 | 9786 9832) 5468] 9852! 5765} 9872] 6081} 9890] 6419] 51 
“10 |0.9786|1.4925}) .9810|1.519210.983211 .5473(0.985311 .5770}0 . 987211. GO8GI0.9890|1.6424| 50 
11 9787 9832) 5478] 9853) 5775] 9872) 60921 9890] 6430] 49 
12 | 9787 9833) 5483] 9853} 5780] 9873] 6097] 9891] 6436] 418 


13 9787| 493% 9833) 548 9854, 5786] 9873) 6103] 9891} 6442] 47 
14 __ 9788 4943 9833) 5492] 9854) 5791] 9872} 6108) 9891} 6448} 46 
15 |9.9788]1.4947|).9812/1.52151),9834|1.549710.9854|1.5796)0. 9874/1 .6114/0.9892)1.6454| 45 
16 9789) 4951 9834) 5502) 9855) 5801} 9874) 6119) 9892) 6459) 44 
17 9789} 4956 9835} 550 9855) S806] 9874) 6125) 9892) 6465] 43 
18 9789) 4960 9835) 5512] 9855) 5811] 9875) 6130] 9892) 6471] 42 
19 9790) ‘4965 9835, 5516) 9856} 5816] 9875) 6136) 9893) 6477) 41 
§ 20 |0.9790/1. 0. - 523810 .9836|1.5521)0. 9856/1 .5822)0.9875)1.6141}0.9893/1.6483! 40 
p 21 9791; 4973 9836} 5526] 9856) 5827] 9876) 6147} 9893) 6489] 39 
22 9791; 4978 9836} 5531] 9857) 5832] 9876) 6152) 9894) 6495) 38 
4 23 9791; 4982 9837| 5536] 9857) 5837] 9876} 6158] 9894) 6501) 37 
§ 24 9792} 4986 9837| 5541] 9857) 5842] 9876) 6163] 9894) 6507) 36 


- 9837/1 .554610 .9858)1 .5847]0 .9877)1.616910.9894)1.6513] 35 
9858) 5853] 9877) 6174) 9895) 6519] 34 
9858} 5858] 9877); 6180) 9895) 6525} 33 
9859} 5863] 9878} 6185) 9895} 6531] 32 
9859} 5868] 9878} 6191} 9896) 6536) 31 


).9839|1.557010 .9859/1 .5873)0, 9878/1 .6196]0.9896)1.6542) 3 
é 9860} 5879} 9879) 6202] 9396) 6548} 29 
9860; 5884] 9879} 6208} 9896} 6554] 28 
9860) 5889] 9879} 6213] 9897] 6560} 2 
9861} 5894] 9880) 6219] 9897) 6566} 26 


125 |0.9792|1.4991 
26 | 9793] 4995 
27 | 9793} 5000 
28 | 9793] 5004 

129]. 9794] 5008 


30. 0.9794 9794)1. 

A 31 9795) 5017 
32 9795} 5022 
33 9795) 5026 

g 34 979 5030 


35 10.9796/1.5035]0. : ).9841/1.5595/0.9861/1 .5900]0.9880)1 .622410.9897/1.6572| 25. 
36 | 9797) 5039 9841} 5600] 9861| 5905] 9880) 6230} 9897] 6578] 24 
437 | 9797) 5044 9842} 5605] 9862} 5910] 9880] 6236] 9898) 6584] 93 
438 | 9797} 5048 9842} 5610] 9862} 5915) 9881] 6241} 9898) 6591] 99 
39 | 9798] 5053 9842} 5614] 9862} 5921] 9881] 6247] 9898] 6597] 94 
40 -10.9798)1.5057]0.9821|1.5331]0.9843/1.5619]0.9863/1.592610.9881|1.625210.9899]1.6603) 20. 
141 | 9799) 5061 9843} 5624] 9863] 5931] 9882) 6258] 9899) 6609] 19 
42} 9799} 5066 , 9843) 5629] 9863] 5936] 9882) 6264] 9899) 6615) 18 
£43 | 9799] 5070 9844] 5634] 9864) 5942] 9882) 6269] 9899} 6621] 17 
44} 9800} 5075 9844] 5639] 9864) 5947} 9883] 62751 9900! 6627] 16 
1 45 |0.9800|1.5079]0 .9823/1.5354]0.9844)1 .5644]0. 9864/1 .595210.9883/1.6281]0.9900/1.6633] 75 | 
46 | 9801} 5084 9845] 5649] 9865] 5958] 9883) 6286] 9900] 6639] 44 
47 | 9801} 5088 z 9845} 5654] 9865] 5963] 9883) 62921 9901) 6645] 13 
48 | 9801} 5092 9845| 5659] 9865) 5968} 9884) 6298} 9901) 6651] 19 
49 | 9802! 509 9846| 5664] 9866} 5973] 9884] 6303| 9901) 6657] 44 
50 |0.9802/1.5105 5/1. 537810 .9846/1 .5669)9 .9866/1.5979]0.9884/1 .6309]0.9901|1.6664) 19_ 


51 9802) 5106 9846) 5674 
52 9803) 5111 9847; 5679 
53 9803} 5115 9847| 5684] 9867) 5995) 9885) 6326] 9902} 6682 
54 9804 9867; 6000] 9885) 6332] 9902) 6688 


8 
7 
6 
55 |0.9804|1.512¢ 1.540110.9848)1.5694]0. 9868|1 . 6005]0. 9886]1.633810.9903)1. 1.6694|— 5 
4 
3 
2 
1 
0 


9866} 5984) 9885) 6315} 9902) 6670} 9 
9867); 5989) 9885) 6320] 9902! 6676 


} 56 9804; 5129 9868} 6011] 9886) 6343] 9903) 6700 
57 9805} 5133 9868} 6016] 9886) 6349} 9903) 6707 
58 9805} 5138 9868} 6022} 9887) 6355} 9904) 6713 
59 9806 9869| 6027] 9887} 6361] 9904) 6719 
60 9806} 5147 9869) 6032] 9887] 6366] 9904) 6725 
M._ Log. 8. | Log. T. ‘Log. S.| Log. T. ‘Log. 8. Log. T. | Log. 8S. Log. T. | Log. S. ‘Log. T. ‘Log. 8. Log. T. MM. 
by Sa 104° 103° 102° 
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APPARENT DISTANCE. 


83° 
3. ; Log. T. | Log. 3. eae 2 ef OR ee bg 


99681. 
9968 


9959/1. 1.9214] 50 
9959 9225) 49 
9960 : 9236| 48 
9960 9246] 47 
9960 j 9257| 46 f 


1.9268) 45. 
9279) 44 | 
9290 
9301 

9312 
9322 
9333 
9344| ¢ 
9355 

9367 


9972) 9422 


.9972)1.9433 
9972) 9445 
9972) 9456 
9972) 9467 
9973] 9479 


|.997311.9490 
9973] 9501 
9973) 9513 
9973| 9524 
9973} 9536 
-9973]1.9547 
9974| 9559 
9974 

9974 

9974 
9974)1. 


9965 
9965 
9966 
9966 


“9967 
9967 
9967 
9967 
9968 


APPARENT DISTANCE. 


TABLE XXXI1. 
LOGARITHMS OF THE APPARENT DISTANCE. 


APPARENT DISTANCE, 

84° 86° 87° 88° 
i M. |Log. S| hog. T. | Tog. 5. Log. 5k Pe Td ge a M. 
0 |0. ger a 9784 .9983!2. .9989/2.15 999% 2.4565]0.9999]2.7581} 60 
BTS 9994). "9836 4606] 9999 "1654 59 
9994| 2856 7| 4642] 9999] 7728} 58 

9994) 2874 4679] 9999] 7804) 57 | 
9994} 2904 ¢ A717) 9999] 7880] 56 
2.164510.9994/2.292510. 2.4754[0.999412.7959] 55 
1664] 9994) 2954] 9¢ 47921 9999! 8038] 54 
1683] 9995) 2979 4830] 9999] 8120] 53 
1701] 9995} 3004 : 4864} 9999] 8209] 52 
1720] 9995} 3029] ¢ 490811.0000| 8287] 51 

312.494 7]1 .0000/2.8373] 50 | 

1758] 9995] : A987} 0000) 8460) 49 | 
1777] 9995} 3106 5027] 0000] 8550) 48 
1796] 9995| ¢ 5067] 0000! 8641] 47 
1815] 9995 | 995 5108} 0000] 8735] 46 


2.1835}0.9995|2.3185]0.9998/2.5149]1.0000|2.8830) 45 | 

9978} 9983 1854) 9995 5191} O000] 8928) 44 

9978) 9995 é g 1874) 9995 y : 5233] 0000} 9028) 43 
9978|2.0008] 998: 1893] 9995 264 ‘ 5275] 0000; 9130} 42 § 

9979 002 ( 191 3h-7 9995 ; 5318] 0000) 9235) 41 
.1933]0.9995/2.3318]0. 2.5362]1 .0000/2.934z| 40 | 
"9979 1952] 9995 : 5405} 0000] 9452: 39 | 

9979 ) i a 19721; 9995 ‘ 5449} 0000) 9565) 38 
9979 aos 1992) 9995 5494} 0000} 9681) 37 | 
9979 : 2012} 9996 5539] 0000) 9799) 36 } 
2033)]0 .9996)/2.345€]0.§ 2.5584]1.0000)2.9922) 35 

9979 986 5} «69992) 2053) 9996) 3485 J98} 5630} O0000/3.0048| 34 
9380 ‘ |} 2073) 9996 : : 5677] 0000) O177| 33 § 
9980 : : 2094, 9996) ; 5724, 0000) 0311 
9980 2 : 2114) 9996 : 5771] 0000) 0449 
30 |0.9980)|2. : 72. 9.9992/2. : 5/2.35 a 2.5819]1.0000|/3.0591 
9980 9987 : 2156] 9996} 36 9} 5868} 0000) 0739 
9980 7 2177] 9996 : 5917} 0000) 0891 
9980 20¢ 7 2} 2198] 9996) 3687 5967| 0000) 1049 
9980 7 i 2219) 9996) 3717 9} 6017} 0000) 1213 


224010 . 999612. 374610. 9999/2. 6068]1 .0000|3. 1383 
9981 , 987 92| 2261] 9996} 3777] 9999) 6119} 0000) 1561 
9981 ¢ 2283] 9996) 3807 6171] 0000) 1745 
9981 987 23041 9996 62241 0000! 1938 
9981] 0285) 9987 993} 23261 9996 : 9| 6277) 0000) 2140 


ate 2.234810 .9996)2. 0.9999/2.6331]1 .0000)3.2%52 
9981 88 : 2369]. 9996) ; 9999} 6386} O000) 2575 
9981 98& 2391] 9996 j 9999) 6441} 0000) 2810 
9982 25% 2413] 9997) 3993] 9999) 6497} 0000) 3058 
9982 y 3] 2435] 9997 9999} 6554) 0100) 3322 


-9982/2.0367)0.9988)2.1289)0. .2458]0.9997)/2. 0.9999|2.6611]1.0000/3.3602| 15 § 
9982} 0381} 9988 2480} 9997 9999| 6670] 0000} 3901) 14 } 
9982} 0395) 9988 2502); 9997) 4 9999} 6729} 0000} 4223) 13 § 
9982) 0409) 9988 2525] 9997 9999) 6789} 0000) 4571) 12 | 
9982) 0423] 9988 2548] 9997 9999} 6850] O000) 4949) 11 § 


.9982|2.0437|0.9989)2. : . . 2. 9999/2 .6911]1.0000/3 .5363) 10 
9989 2594) 9997 9999| 6974) 0000; 5820 
9989 2617] 9997 9999| 7037] 0000) 6332 
2640 9997 3} 9999} 7101} 0000) 6912 
9997) 4357 9999} 7167} 0000) 7581 


-9999|2.7233]1.0000/3.8373 
"9983 ‘ si, "9997 9999} 7300) 0000) 9342 
9983 ‘ 2734) 9997 y 9999} 7369! 0000)4.0592 
9983 2758] 9997 9999| 7438} 0000) 2352 
9983 ) 2782| 9997 9999} 7509} 0000) 5363 
9983 ¢ 2806] 9997 9999} 7581; 0000 

| Leg. 8. | Log. T.] Log. 8. |Log. T.| Log. S. | Log. T. | Log. 8. | Log. T. | Log. &. | Log. T. | Log. 8S. (Log. T.] J 
05° 92° 91° I 90° 
APPARENT DISTANCE. 


| 


perce ores: 


TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


Che First Correction is alwuys to be taken from the Top, and also the Second, when the Apparent Distance i is greater than 900, 
Ash algae Antena ee, RE EE BET OSS OTE RE LEN LS ps RTT le RI SO EN a 


2 DEGREES. 
5 6 
0122/1.0247/1 
0123) 0148 
0123) O14& 
0124; O14& 
0124) 0149 

0124). 0149/1. 
0125) 0150 
0125) 0156 
0126;. 0151 
0126) 0151 


.0126|1.0151}1.0176 
0127) 0152 
0127) 0152 
0103) 0128 0153 
0103} 0128} 0153 


.0104]1.0129]1.0153)1. 
0104; 0129} 0154 
0105; 0129] 0154 
0105} 0130] 0155} 0180 
0105) 0130] 0155) 0180 


.0106|* .0131]1.0156]1.0181]1. 
0106 0156; 0181 


138 


’ , 


on Fe 10h ae 

0248|1.0274 

0249} 0274 
0249| 0275 
0250| 0275 
0250] 0276 
0250/1 0276 
0251; 0276 
0251| 0277 


7 8 
00981 .0122 ae! 0197|1.0223)1. 
0098 
0098 
0099 


0099 


-0100)1 
0100 
0100 
0101 
0101 

-0102)1 
0102 
0103 


0073 
0074 
0074 
SR 


“0025 
0025 
0025) 0050 
0026 0050 


ated 
0049 


-0200)1 
0200|. 0225 
0200) 0226) 
0201) O22t| 0252). 0277 
0201) 0227} 0252) O27& 
0202/1. 0227/1 .0252/1.0278 
0202} 0227) 0253) 0279 
0202) 0228) me 0279 
0203} 0228 53] 0279 
0203} 0229} 0254; 0280 
0204/1.0229]1 .0255}1 . 0280 
0230) 0255 
0230} 0255 


0204 028i 

0205 0281 

0205) 0230) 0256 

0205) 0231) 0256 

(206)1 .0231)]1.0257/1.0282) 40 
0232) 0257} 0283) 39 § 
0232! 0258} 0283) 38 § 


0207 
0033} 0057) 0082) 0107 0156} 0181). 0207 
0233] 0258) 0284] 37 
0233} 0258) 0284) 36 | 


0034). 0058) 0082) 0107 0157} 0182) 0207 

0034; 0058) 0083) 0107 0157} 0182). 0208 
0233/1 .0259|1.0285] 35° 
0234| 0259) 0285) 34 § 


Coded Mme tones Gioad OTE eaten eee 

0035) 0059) 0084; 0108; 0133) 0158) 0183} 0208 

0035} 0060) 0084; 0109). 0134; 0158} 0184|}- 0209) 0234) 0259) 0285) 33 

0036) 0060) 0084) 0109) 0134) 0159) 0184), 0209) 0235) 0260) 0286) 32 | 

0036) 0060; 0085) 0110) 0134) 0159; 9184; 0210) 0235) 0260; 0286 31 t 

-0036 0160|1 .0185|1 . 0210/1 .0235|1.0261|1.0287| 30 | 
0160} 0185} 0211) 0236} 0261) 0287) 29 § 

0161} 0186) 0211; 0236} 0261 


1.0061|1.0085/1.0110}1.0135]1. 
0037] 0061} 0086) 0110) 0135 
0037 

0161] 0186} 0211) 0237} 0262) 0288) 27 | 
0161; 0187| 0212} 0237; 0262) 0288] 26 


0062) 0086) O111}) 0136 

0038} 0062) OO87| 0111) 0136 

0038) 0062) 0087; 0112) 0136 

-0038|1 .0063/1 .0087|1.0112/1.0137/1.0162/1.0187|1 .0212]1 .0238|1.0263|1.0289| 25 — 

0039 0162) 0187| 0213). 0238} 0263} 0289) 24 | 
0163} 0188} 0213} 0238) 0264) 0290) 23 
0163} 0188} 0213; 0239) 0264) 0290) 22 § 


0063} 0088) 0112) 0137 
0039 
0163} 0189} 0214) 0239) 0264). 0291) 21 


0064; 0088) 0113; 0138 
0040) 0064, 0089) 0113) 0138 
0040, 0064) 0089) 0114, 0139 
.0040|1.0065|1.0089/1.0114/1.0139]1.0164/1.0189|1.0214]1.0240|1.0265|1 0291] 20 
0041 0164} 0189} 0215} 0240) 0266). 0291) 19 
0165} 0190) 0215} 0241) 0266] 0292) 18 
0165; 0190) 0216}. 0241) O267) 0292) 17 


0065) 0090; 0114; 0139 
0041} 0066; 0090; 0115) 0140 
0042 
0166). 0191) 0216) 0241) 0267} 029 16 
. 0216/1 .0242|1.0267|1.0293) “15 | 


0066} 0091; 0115). 0140 
0042; 0066, 0091) 0116) 0141 

-0042}1 .0067)1.0091|/1.0116)1.0141}1.0166|1.0191 

0043) 0067; 0092; 0117) 0141} 0166) 0192) 0217) 0242} O268!} 0294) 14 § 
0043 0217) 0243) 0268): 0294) 13 j 


0068) 0092). 0117; 0142} 0167] 0192 
0044 0218) 0243} 0269}. 0294) 12 


0068] 0093] 0117| 0142} 0167! 0192 
0044} 0068} 0093] 0118) 0143]. 0168} 0193] 0218] 0244) 0269] 0295] 11 | 
.0219/1.0244/1.0270]1.0295| 10 | 


.0093/1.0118]1.0143/1.016811.0193/1 


-0225)1 
0027 
0027 


“0075 
0076 
0076 
0077 
0077 
0077 
0078 
0078 
0079 
00791 
0080 
0080 


“0051 
0051 
0052 
0052 


-0028)}1.0053)1 
0029) 0053 
0029) 0053 
0029) 0054 
0030} 0054 


0030/1. 0655/1 
0031) 0055 
0031) 0055 
0031} 0056; 0080 
0032} 0056) 0081). 


.0032|1.0057|1.0081|1. 
0033} 0057; 0082 


1.0179|1. 
0179 
0179 


When the Apparent Distance is /ess than 90°, the Second Correction is to be taken from the Bottom. 


0069 
0070 
0070 
0071 


0094 
0094 
0095 
0095 


-0O071 
0071 
0072 
0072 
0073 
0073 


57. | 


.0096)1 


0096 
0096 
0097 
0097 
0098 
56 | 


.0120|1 


0119 
0119 
0119 
0120 


0148 
0144 
0144 
0145 


0145/1, 
0146 
0146 
0146 
OLA7T 
0147 

5d | 


0121 
0121 
0122 
0122 
0122 
55 | 


0169 
0169 
0169 
0170 


0170 
0171 
0171 
OT71) 
0172: 
0172) 


53°52 


7 DEGREES. 


0194 
0194 
0194 

0195 

1.0195/1. 
0,196) 
0196 
0197, 
0197 

0197] 


7 - 


0219 
0219 
0220 
0220 


0244 
0245 
0245) 0271 
0246) 0271 


0270} . 
0270 


0296 
0296 
0297 
0297 


0221/1. 


0221 
0221 
0222 
0222 
0223 


0246/1.0272|1 
0247} 0272 
0247} 0273 
0247) 0273 
0248} 0273 
0248] 0274 


0298 
0298 
0299 
0299 
0?00 


9 | 
8 ; 


7 
6 i 
0297) 5 | 


4 | 
3 
2 | 
La 
0 | 


O1 AO Paes eS 


TABLE XXXII. 139 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


The First Correction is alwuys to be taken from the Top, and also the Second, when the Apparent Distance is greater than 9()° 
2 DEGREES. 
13’ 14’ 15 16’ ve; 18’ ; 21’ 22° 23' 
1.0431 Le 1.0458 1. - .0512 1. 1.0539 fa 0566 1. “0594 
0326 0352 “0378 “0405 0432) 0458 0512) 0539} 0567} 0594 
0326) 0353) 0379} 0406] 0432) 0459 0512} 0540} 0567} 0595 


0327) 0353; 0379) 0406} 0433) 0459 3} 60513) =©0540} «60568 §=0595 
0327} 0353} 0380; 0406; 0433) 0460 | ©0513) -0541) 0568} 0596 


- 0328/1 .0354/1.0380)1.0407|1.0434/1.0460)/1. -0514/1.0541/1.0568}1.0596 
0328) (0354; 0381} 0407) 0434) 0461 0514; 0541 0569] 0596 
0329) 0355) 0381} 0408; 0434) 0461 0515} 0542) 0569} 0597 
0329} 0355} O381} 0408) 0435} 0462 ~ 0515; 0542) 0570) 0597 
0329; 0356; 0382; 0409; 0435) 0462 0516; 0543! 0570} 0598 


( . 0382/1 .0409]1.0436|1. 0462/1 .0489/1.0516|1.054311.057111.05981 2 
0330} 0356) 0383} 0409] 0436| 0463] 0489} 0517] 0544) 05711 0599 
ee 0357] 0383} 0410] 0437] 0463) 0490) 0517} 0544} 0572) 0599 
0331] 0358] 0384] 0410) 0437] 0464) 0490] 0517} 0545} 0572] 0600 
0332) 0358} 0384] 0410) 0438} 0464} 0491} 0518} 0545! 05731 0600 


- 0384/1 .0411]1.0438)1 .0465)1.0491)1.0518/1.05461 .0573]1.0601 
0385}, 0411; 0438) 0465; 0492) 0519} 0546} 0573) 0601 
0385) 0412) 0439; 0466) 0492) 0519} 0546) 0574) 0602 
0386} 0412; 0439; 0466} 0493) 0520) 0547) 0574) 0602 
0386; 0413} 0440; 0466) 0493} 0520) 0547} 0575) 0602 


0387/1 .0413)}1.0440)/1 .0467|1.0493]1.0521/1.054811 .0575/1.0603 
0387| 0414; 0440; 0467; 0494) 0521; 0548) 0576) 0603 
0388} 0414) 0441; 0468) 0494) 0521} 0549; 0576) 0604! ; 
0388! 0414) 0441} 0468) 0495} 0522) 0549) 0577) 0604 
0388} 0415} 0442) 0469) 0495) 0522! 0550) 0577) O605} : 


.0389/1.0415|1.0442)1 0469]! .0496]1. 0523/1 .055011. 057811. 0605 
0389; 0416} 0442) 0470; 0496) 0523) 0551} 0578] 0606} : 
0390} 0416} 0443) 0470} 0497! 0524} 0551; 0579] 0606 
0390; 0417; 0443) 0470) 0497) 0524 52} 0579) O607| ; 
__ 0391 0417} 0444) 0471} 0498) 0525 0579] 0607 


1.0418/1.0444]1 .0471)1.0498)1 .0525)1 . 0% -0580/1.0608 
"0399 0418} 0445) 0471) 0498) 0526 593) 0580} 0608 
0392} 0418) 0445) 0472) 0499) 0526 ‘ 0581) 0609 
0392} 0419} 0446} 0472} 0499} 0526 0581} 0609 
0393} 0419) 0446) 0472) 0500) 0527 : 0582| 0609 


35 |1.0315|1.03: ‘ .0393/1.0420/1.0446/1.0473/1 .0500)1.0527|1.0555|1.0582/1.0610 
: 0315 0394) 0420) 0447! 0474) 0501) 0528} 0555) 0583) 0610 
0316 iF 0394) 0421; 0447) 0474; 0501); 0528) 0556) 0583) 0611 
0316 0395) 0421} 0448} 0475) 0502) 0529) 0556; 0584) 0611 
0317 0395) 0422) 0448} 0475) 0502) 0529) 0557) 0584) 0612 


1.0317/1. 3/1. 9/1 .0395/1.0422/1.0449|/1.0475/1.0502|1 .0530)1.0557/1.0585|1 .0612 
0318 0396; 0422) 0449} 0476) 0503} 0531) 0557) 0585; 0613 
0318 : 0396} 0423) 0450) 0476) 0503; 0531} 0558) 0585) 0613 
0318 0397) 0423} 0450} 0477) 0504) .0531; 0558) 0586) 0614 
0319 f 0397} 0424} 0450} 0477; 0504) 0532} 0559) 0586} 0614 


# 45 11.0319]/1. , .0398|1.0424|1.0451/1.0478|1.0505/1.0532/1.0559/1. 0587/1 .0615 
0319 : 0398} 0425) 0451; 0478) 0505) 0532) 0560} 0587) 0615 
0320 ' 0399) 0425; 0452} 0479) 0506} 0533} 0560) 0588] 0615 
0320 31 0399} 0426} 0452) 0479) 0506} 0533} 0561] 0588) 0616 
0321 3; 0399} 0426) 0453} 0480) 0507) 0534) 0561) 0589) 0616 


0321/1. i A}1 0400/1 .0426)1 .0453/1 .0480)1 .0507|1.0534/1.056211 .0589)1.0617| 10 
0322 3¢ : 0400} 0427) 0454) 0480} 0507) 0535) 0562; 0590} 0617 
0322! 0348 0401} 0427; 0454; 0481) 0508 0535; 0562) 0590) 0618 
0323 0401} 0428) 0454) 0481} 0508) 0536) 0563; 0591} 0618 
0323 34¢ 0402} 0428) 0455) 0482! 0509} 0536) 0563) 0591} 0619 


.0323|1.0349|1.0376/1.0409)1 .0429|1 .0455]1.04829|1.0509)1 .0536/1.0554/1.0591/1.0619 
0324; 0: 0376, 0403} 0429} 0456] 0483} 0510 0592} 0620 
0324 0377} 0403} 0430} 0456} 0483} 0510 0592} 0620 
0325 0377} 0403} 0430} 0457| 0484) 0511 0593} 0621 
0325 0377; 0404} 0430} 0457} 0484) 0511 0593) 0621 
0326! 0: 0378} 0404} 0431; 0458! 0484) 0512 9] 0: 0594} 0621 
AS) ) ae igas | 42 foray 1340" BT of S86" 
7 DEGREES. 


orww Por 


TR 


When the Apparent Distance is less than 90°, the Second Correction is to be taken from the Bottom. 


140 | TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


on bd IS SS a, te Se ee Sera Ee Selig sp eee pea 
The First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 909. 


2 DEGREES. 


34’ 35’ 


26' 27' 28’ 29' 30' 31 

©) |1.0621/1.0649/1 .0678|1.0706/1.0734/1 .0763]1.0792|1.0821]1. 090911 .0939| 60. 
0622| 0650! 0678! 0706) 0735) 0763} O792| 0821 0910) 0940} 59 | 
0622! 0650! 0678] 0707} 0735] 0764] 0793] 0822 0910} :0940} 58 | 
0623! 0651] 0679] 0707} 0736! 0764} 0793] 0822 0911! 0941| 57 


0623} 0651) 0679} 0708) 0736) 0765) 0794) 0823 0911] 0941} 56 


. 0680/1 .0708/1.0737/1.0765]1 .0794]1.0823]1 .0853]1. 088211 .0912/1.0949] 55 § 
0680} 0709]. 0737| O766| 0795} 0824 0912} 09492) 54 {| 
0681; 0709) 0738) 0766} 0795} 0824 0913} 0943} 53 {| 
0681} 0710] 0738) O767| O796| 0825 0913) 0943}052 


0625) 0653 
0626) 0654) 0682} 0710} 0739) O767| 0796) 0825 0914} 0944} 51 


“10 |1.0626/1 .0654|1 .0682)1.0711/1.0739|1 .0768|1.0797|1 . 0826|1. 51. 11.09141.0944] 50 | 
11 0627; 0655; 0683] 0711} 0740) 0768) 0797; 0826 0915} 0945} 49 | 
12 0627) 0655) 0683} 0711) 0740; 0769} 0798) 0827 15} 0945} 48 | 
13 0628) 0655) 0684) 0712) 0740) 0769) 0798) 0827 0916} 0946] 47 | 
14 0628) 0656) —0684| 0712} 0741) O770} 0799) 0828 0916} 0946} 46 | 


15 |1.0628|1.0656|1.0685]1.0713|1.0741|1.0770]1.0799|1.0828)1. .0917}1.0947} 45 | 
16 0629| 0657| 0685) 0713) 0742) O771; 0800} 0829 0917} °0947} 44 
17 0629} 0657; 0686) 0714) 0742) 0771} O800; 0829 0918} 0948} 43 
18 0630) 0658; 0686} 0714, 0743) 0772) 0801} 0830 0918} 0948} 42 
0919} 0949] 41 § 


19 0630) 0658) O686| 0715) 0743) 0772} 0801; 0830 
20 |1.0631]1.0659]1.0687|1.0715|1 .0744/1.0773]1.0801|1.0831]1. 1.0919|1.0949| 40 
21 0631} 0659) O687| 0716) 0744| 0773} 0802) 0831 0920) 0950} 39 } 
q 22 0632} 0660} 0688! 0716} 0745) 0774) 0802) 0832 0920} 0950} 38 | 
23 0632) 0660) O688} 0717} 0745) 0774) 0803) 0832 0921} 0951} 37 
0921} 0951] 36 


24 0633) 0661) 0689} 0717| 9746) 0774) 0803} 0833 
25 |1.0633)1.0661/1.0689)1.0718/1.0746/1.0775]1.0804/1.0833|1. 11. 211 .092211.0952] 35_ 


— 
=) 
fo) 
bo 
= 
— 
o 
oP) 
Or 
bo 
_ 


0624) 0652 
0625) 0653 


26 0634 0690} O718) O747| O775; 0804; 0834 0922) 0952) 34 {| 
27 0634 0690} 0719} O747; O776| 0805; 0834 0923) 0953] 33 
28 0634 0691; 0719} 0748) O776) 0805) 0834 0923} 0953) 32 
29 0635 0691} 0720) 0748) O777;| 0806) 0835 0924) 0954; 31 
30 |1.0635 . 0692/1 .0720)1.0749|1.0777|1.0806)1 .0835}1. .0924|1.0954| 30 | 
31 0636 0692; 0721) 0749) O778) O807| 0836 0925} 0955] 29 ft 
32 0636 0693] O72!) 0750) 0778) 0807) 0836 0925} . 0955} 28 | 
33 0637 0693) 0721) 0750) 0779) O808| 0837 0926; 0956} 27 | 
34 0637 0694} 0722) O751| O779}| 0808} 0837 0926} 0956} 26 
35 |1.0738 .0694}1.0722)1.0751|1.0780/1.0809|1.0838)1. .0927|1.0957| 25. 
36 0638 0694| 0723) 0751} 0780) 0809} 0838 0927| 0957) 24 
37 0639 0695} 0723] 0752) 0781} 0810) 0839 0928) 0958} 23 
38 0639 0695} 0724) 0752) 0781) 0810) 0839 0928} 0958) 22 | 
39° 0640 0696) 0724) 0753) 0782} 0811; 0840 __ 0929 0959} 21 
40 11.0640 .0696)1.0725)1 .0753|1.0782)1.0811/1.0840)1. -0959| 20 

4 41 0641 0697} 0725} 0754} 0783} 0812} 0841 “0930 0960} 19 } 
42 0641 0697; 0726) 0754) 0783) 0812) 0841 0930} 0960; 18 
43 0641 0698} 0726) 0755; 0784) 0813) 0842 0931} 0961] 17 
44 0642 0698} O727| 755) 0784) 0813) 0842 0931} 0961) 16 

445 |1.0642/1. .0699|1 .0727|1.0756|1 .0785|1.0814)1.0843}1. .0932/1.0962| 15 
46 0643 0699} 0728) 0756; 0785; 0814) 0843 0932} 0962) 14 § 
47 0643 0700} O728| O757| O786) 0815) 0844 0933} 0963) 13 
48 0644 0700} 0729| O757| 0786} 0815) 0844 0933} 0963) 12 
49 0644 0701} 0729) O758| O787} 0816} 0845 0934} 0964] 11 | 


“50 11.0645]1. .0673]1.0701|1.0730|1. 075811. 0787|1 .0816]1.0845/1 .0875|1.0904/1.0934|1.0964] 10 
51 0645) 0673} 0702) 0730) 0759} 0787} 0816} 0846 0935) 0965 
52 0646) 0674) 0702; 0730! 0759} O788| 0817} 0846 0935) 0965 
53 0646) 0674) 0703) 0731) 0760! 0788) 0817| 0847 0936} 0966 
0703} 0731); O760} O789| 0818) 0847 0936) 0956 


55 |1.0647|1.0675|1 .0703)1.0732|1.0761|1.0789|1.08181.0848)|1. .0937|1.0967 
0704) 0732} 0761] 0790; 0819] 0848 0937) 0967 
0704] 0733) 0762] 0790} 0819) 0849 0938} 0968 
0705} 0733) 0762] 0791] 0820) 0849 0938} 0968 
0705| 0734] 0762} 0791] 0820] 0850 0939] 0969 
60 0706) 0734] 0763] “07921 0821] 0850 0939] “969 
25 fuvee esas | 32 ( pat] a0") fae cas | oe 1 i 


———— 
a 


7 DEGREES. 
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fm 
& 
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When the. Apparent Distance is less than 90°, the Second Correction is to be taken from the Bottom. 
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TABLE XXAXIL 141 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


The First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 


2 DEGREES. 


‘ 


40 
~-1091}1. 


1092) 1123) 1154 
1092) 1124) 1155 
1093) 1124) 1156 


1094 
-1094)1. 


1156 
11571. 


1095; 1126; 1157 
1095; 1126; 1158 
1096), 112 1158 
1096; 112 1159 
-1159/1. 
1097; 1128) 1169 
1098; 1129) 1160 
1098; 1129; 1161 


1099 1161 


1162 
1162 
1163 
1163 
1164 


1164 
1165 
1165 
1166 
1167 
1167 


1105) 1136) 1168 
1105; 113 1168 
1169 


1169 


1170 
1171 
ELT ips 
i772 
~1172)1. 
PLS 
73 
1174 
1174 
EAA ES, 
1175 
1176 
1177 
1177 
-1178 
1178 
1179 
1179 
1180 


-1180 
1181 
1181] 
1182 


"2S fa’) | (tS) 
7 DEGREES. ; 


When the Apparent Distance is ess than 90°, the Second Correction is to be taken from the Bottom. 
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TABLE XXXII. 


LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


he First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 


When the Apparent Distance is/ess than 90°, the Second Correction is to be taken from the Bottom. 


SE Sa EIT TL 


ee ate ns 


Ana ete 


APs PSE TNS SEI IT et 


2 DEGREES. 
S 4 *< 4g’ 53° 54’ 55’ 59’ 
0 [1.1347] ~1515/1.1549/1 .1584/1.1619|1.1654)1. 1725} 60 
1| 1348 1515} 1550! 1584 } 1725} 59 | 
9 | 1348 1516] 1550} 1585 1726] 58 | 
3 | 1349 * 1516] 1551] 1585 1727| 57 
4} 1349 1517} 1551} ° 1586 1727) 56 | 
~ 5 |1.1350)1 ~1518}1.155211.1587]1. 1728) 55 | 
7 6 |. 1350 1518} 1552! 1587 1728) 54 § 
7 |. 1351 1519} 1553] 1588 1729} 53 § 
8 |. 1351 1519] 15541 1588 1730} 52 
9 | 1352 1520} 1554! 1589 1730} 51 
10 |1.1352}1 1520}1.1555]1.1589}1. -169511.1731} 50 
11 1353 1821} 1555} 1590 1731; 49 
12 | 1354 1522) 1556} 1591 1732} 48 9 
13 1354 1522] 1556} 1591 
14 |. 1355 1523} 1557]. 1592 
15 |1.1355|1. 1523)1.155811.1592|1. 
16 | 1356 1524} 1558} 1593 
17 1: 1356 1524, 1559} 1593 
18 | 1357 1525} 1559| 1594 
19 | 1357 1526} 1560} 1595 
20 1.135811. 1526)1.1561/1.1595|1. 
91} 1359 1527} 1561] 1596 
92 |} 1359 1527} 1562} 1596 
23 | 1360 1528! 1562) 1597 
24 | 1360 1528} 1563} 1598 
95 11.136111 1495]1.1529/1.1563/1.1598)1. 
26 | 1361 1530] 1564} 1599 
97 | 1362 1530} 1565} 1599 
fos | 1362 1531} 1565} 1600 
799 | 1363 1531| 1566} 1600 
f 30 |1.136311, 1498/1 .1532)1.1566}1.1601|1.1636|1. 
31 | 1364 1532). 1567} 1602 j 
32 | 1365 1533} 1567} 1602 
33 1°°1365 1534; 1568} 1608 
34 | 1366 1534} 1569} 1603 
35 |1.1366|1, 1500}1.1535/1.1569]1.1604/1. 
36 | 1367 1535| 15701 1605 
37 | 1367 1536} 1570} 1605 
38 | 1368 1536, 1571} 1606 
39 | 1368 1537| 1571] 1606 
40 |1.1369 1503]1.1538]1.157211.1607/1. 
1370 1538] 1573] 1607 
1370 1539| 1573! -1608 
1371 1539! 1574] 1609 
_ 1371 1540} 1574} 1609 
45 |1.137211.1405 1506|1.1540/1.157511.1610}1. 
1372 1541] 1576) 1610 
1373 1542] 1576} 1611 
1373 1542): 1577} 1612 
1374 1543] 1577) 1612 
50 |1.1374/1.1407|1.1441]/1.1475]1.1509]1.1543]1.1578)1 
1375 1544) 1578 
1376 1544| 1579 
1376 1545] 1580 
1377) 1546} 1580 ; 
55 |1.1377|1.1410|1.1444)1. 1512/1.1546]1.1581|1. 5 
1378 1547| 1581 4 f 
1378 1547| 1582 3 | 
1379 1548] 1582 2 
1379 1548} 1583 1 
1380 1549] 1584 0 | 
11° | 6° | Sra S. 
7 DEGREES. 


TABLE XXXII. 143 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


ihe First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 


3 DEGREES. 
a. 3’ 4 5' 6' vis 8' 9’ 10’ 11' i 
.1797|1. 1.1871|1.1908/1.1946]1.19841. 2022/1. 2061|1.2099]1.2139|1.2178) 60 | 
1798 1871} 1909} 1946) 1984} 2023) 2061] 2100} 2139] 2179) 59 
1798 1872} 1909} 1947) 1985}. 2023! 2062} 2101} 2140} 2180} 58 
1799 1873} 1910} 1948] 1986] 2024} 2062) 2101] 2141] 2180} 57 § 
1800 1873} 1911) 1948) 1986} 2025) 2063] 2102} 2141] 2181] 56 { 
.1800|1. .1874]1.1911)1.1949]1 . 1987/1. 2025/1. 2064/1 . 2103/1. 2142/1.2182] 55 & 
1801 1875| 1912} 1950) 1987} 2026] 2064] 2103]. 2143] 2182] 54 § 
1802 1875| 1913} 1950) 1988] 2026 2065) 2104! 2143] 2183) 53 | 
1802 1876) 1913} 1951) 1989] 2027} 2066] 2105] 2144} 2184] 52 
1803 1876} 1914} 1951} 1989} 2028} 2066] 2105|° 2145) 2184 51] 
.1803)1. -1877|1.1914]1.1952|1.1990)1. 2028/1. 2067|1. 2106/1. 2145]1. 2185] 50 | 
1804 1878} 1915} 1953) 1991} 2029] 2068] 2107] 2146} 2186) 49 
1805 1878} 1916} 1953! 1991] 2030) 2068] 2107} 2147} 2186] 48 | 
1805 1879} 1916} 1954} 1992] 2030) 2069] 2108] 2147} 2187] 47 
1806 1880} 1917} 1955} 1993). 2031) 2070] 2109] 2148] 2188] 46 
.1806)1. .1880}1.1918}1.1955]1.1994)1.2032|1. 2070/1. 2109]1.2149]1 . 2188) 45 § 
1807 1881} 1918} 1956} 1994} 2032) 2071} 2110]. 2149] 2189) 44 | 
1808 1881; 1919} 1956] 1995) 2033) 2072] 2111] 2150} 2190) 43 
1808 1882} 1919} 1957} 1996} 2033): 2072} 2111) 2151] 2190} 42 § 
1809 1883} 1920; 1958} 1996) 2034} 2073). 2112) 2151} 2191} 41 | 
.1809|1. -1883/1.19211151959)1.1997|1. 2035/1. 2073/1 .2113]1.2152]1.2192) 40 | 
1810 1884]. 1921} 1960) 1997/ 2035) 2074) 2113) 2153} 2192) 39 | 
1811 1884} 1922} 1960} 1998) 2036) 2075) 2114] 2153) 2193) 38 
1811 1885| 1923} 1961| 1998] 2037|° 2075}. 2115} 2154} 2194) 37 | 
1812 1886} (1923) 1962} 1999| 2037) 2076] 2115) 2155) 2194) 36 | 
1.1812|1.1849]1.1886/1. 1924]1. 1962/1. 2000/1. 2038|1.2077/1.2116]1.2155|1.2195) 35 : 
1813 1887| 1924} 1963) 2000) 2039} 2078]. 2116) 2156) 2196) 34 % 
1814 1888} 1925) 1963]. 2001} 2039) 2079} 2117) 2157] 2196) 33 g 
1814 1888] 1926] -1964) 2001} 2040} 2079] 2118] 2157). 2197| 32 f 
1815 1889| 1926} 1964} 2002) 2041) 2080]: 2118} 2158) 2198) 31 
1.18161. 1889/1 .1927|1.1965)1. 2003/1. 2041/1. 2080]1.2119]1.2159]1.2198) 30 
1816 1890} 1928} 1965} 2003] 2042) 2081] 2120) 2159) 2199) 29 } 
1817 1891) 1928}: 1966} 2004) 2042) 2081] 2120) 2160) 2200) 28 | 
1817 1891} 1929] 1967} 2005] 2043) 2082] - 2121] 2161] 2200) 27 § 
1818 1892} 1929}. 1967) 2005! 2044) 2083) 2122} 2161} 2201] 26 9 
.1819}1. .1893]1.1930/1.1968]1. 200611. 2044/1 . 2083/1..2122/1.2162/1.2202] 25 
1819 1893] 1931} 1968) 2007} 2043) 2084} 2123] 2163] 2202) 24 | 
1820 1894) 1931} 1969} 2007| 2046} 2085) 2124] 2163] 2203) 23 
1820 1894} 1932} 1970) 2008] 2046} 2085} 2124) 2164) 2204] 22 } 
1821 1895} 1933} 1970} 2009] 2047]: 2086]: 2125) 2165) 2204; 21 | 


1.1822/1.1859|1.1896/1.1933/1.1971/1.2009|1. 2048)1 . 2086]1. 2126|1.2165]/1.2205' 20 | 
1822 1896} 1934|° 1972} 2010) 2048) 2087) 2126) 2166 2206! 19 
1823 1897} 1934] 1972) 2010) 2049) 2088)" 2127) 2167; 2206) 18 
1823 1898}. 1935} 1973) - 2011): 2050) © 2088): 2128) 2167) © 2207) 17 


1824 1898] 1936] 1974) 2012) 2050): 2089). 2128) 2168 2208) 16 | 
- 1825/1. 1862/1.1899]1.1936)1.1974)1.2012)1. 2051/1 . 2090/1. 2129/1 .2169]1.2208) 15 § 
1825 1899} 1937) 1975). 2013} 2052): 2090)". 2130) 2169) 2209) 14 

1826 1900) 1938): 1975) 2014) 2052) 2091): 2130) - 2170) 2210) 13 


1827 1901) 1938} 1976)° 2014) 2053}° 2092).' 2131)° 2170}. 2210) 12 § 
1827 1901; 1939} 1977) 2015) 2053)...2092).. 2139) -2171)) 2211 ea 


1.1828)1.1865/1.1902/1.1939|1.1977|1.2016/1 -2054/1. 2093/1, 2132/1. 1.2172]1. 2212) 10 


1828 1903} 1940) 1978} 2016} 2055) 2094) 2133) ©2172) 2212) 9 

1829 1903} 1941} 1979)° 2017] 2055) 2094): 2134) ©2173)’ 2213) 8 § 
1830 1904} 1941] 1979} 2017) 2056) 2095) 2134)° 2174) 2214) 7 | 
1830 1904} 1942) 1980) 2018) 2057} 2096) 2135} 2174} 2214) 6 | 
1. 1831]1.1868|1.1905/1.1942|1. 1981|1.2019|1. 2057/1. 2096|1.2136|1.2175|1.2215) 5 | 
1831 1906] 1943] 1981] 2019) 2058) 2097|° 2136) 2176) 2216; 4 | 
1832 1906] 1944) 1982} 2020) 2059) 2098) 2137) 2176) 2216) 3 | 
1833 1907] 1944) 1982} 2021). 2059} 2098)) 2137! 2177) 2217) 2 | 
1833 1908} 1945) 1983} 2021} 2060} 2099] 2138) 2178) 2218) 1] 
1834 1908} 1946] 1984} 2022} 2061| 2099]: 2139] 2178} 2218) 0 § 
58’ | Be.f.055 | 54 | ae. | 62’ 51 ff «60'.| 849° [488 


6 DEGREES. 


When the Apparent Distance is /ess than 90°, the Second Correction is to be taken from the Bottom, 
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144 TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


The First Correction is always to be taken fron the Top, and also th the | Second, when the Apparent Distance i is greater than 909. 


3 DEGREES. 
12’ 13 14’ 15’ 16 7 20' 21 
O11. 22181. 2259/1. 2300/1 .2341/1,. 23891. 2424/1. 2467/1. 6255311 .2596/1.2 
9219! 2260! 2300] 2342! 92383] 2425! 2. 2553| 2597 
2220) 2260) 2301) 2342) 2384 a 2 2554) 2598 
2220 2261| 2302} 2343] g@384| 24:3 9469] 25121 2555| 2599 
9291) 2262) 2302] 2344) 9385] 24: 2} 2556] 2599 
2229/1. 2262/1. 2303]1.2344/1.2 513]1.2556(1.2600]1. 2644/1. 
22231 2263! 2304] 2345] 2387) 242¢ 1] 9514, 2557] 26011 2645 
9223) 2264) 2304] 2346] 2387 ¢ 2515| 2558] 2601} 2646 
9224) 2264} 2305) 2346] 2388 9} 2515! 2559} 2602) 2646] 2691 
9225) 2265! 2306) 2347) 2389 : 2516| 2559} 2603} 2647\ ~ 2692 
10 |1.2225/1. 22661. 2307]1.234811 .2389/1. 2431)1.2474|1. 2517/1. 256011. 2604 
2226] 2266] 2307| 2348] 2390 75| 2517| 2561) 2604) 2649 
9227) 2267] 2308] 2349) 92391 5 2561; 2605| 2649 
9227) 2268! 2309] 2350] 2391 2562| 2606} 2650 
2228] 2268! 2309) 2350! 2392 2563| 2607} 2651 
2229/1 .2269/1.2310|1.235111 .2393/1.2435 2564/1 .2607|1. 265211. 2696] ¢ 
2229} 22701 23111 23521 93941 2436 2: 2564| 2608} 2652| 2697 
2230) 2270! 2312} 23531 2394) 2436 7 2565) 2609} 2653 
9231] 2271] 2313] 2353) 2395] 2437 2566} 2610] 2654 
9231] 2272) 2313] 2354) 2396] 2438] 2¢ 2566} 2610) 2655 
190 |). 2232/1 .2272/1.23141. 235511. 239611 .2438]1. 248111. SeaaEaORTIGaSIT 
2233) 2273) 2315] 2355) 2397) 2439) 2482) 2525) 2568) 2612) 2656 
2233) 2274) 2315) 2356) 2398) 2440] 2482) 2525} 2569) 2612) 2657 
2234| 2274) 2316} 2357] 2398] 2441) 2483) 2526) 2569) 2613] 2657 
9235) 2275) 2317) 2357| 2399| 9441) 2484) 2527) 2570) 2614) 2658 


’ 


; 
| 
oe ee 
— 


2317/1. 2358]1.2400]1 2442/1. 2485|1. 2527/1. 2571/1. 2615|1. 26591. 27 
2359} 2401) 2443) 2485) 2528 2572) 2615; 2660 
2359} 2401} 2443} 2486) 2529) 2572) 2616} 2660 
2360} 2402} 2444) 2487| 2530) 2573} 2617} 2661 
2361 2445) 2487) 2530) 25741 2618) 2662 


» 227911 .2321)1.23621. .2445|1.2488|1.2531|1.2574|1.2618]1.2663]1 .2 

2280) 2321) 2362 4, 2446) 2489) 2532) 2575) 2619] 2662 

2281} 2322) 2363 2447) 2489) 2533, 2576; 2620} 2664 508 
2281} 2322) 2364 2448} 2490} 2533) 2577) 2621) 2665} 2710 
2282) 2323) 2364 2448} 2491) 2534) 2577) 2621} 2666) 2710 


B35 |1.2242/1.2983/1.2324/1.2365)1. 2407/1. 2449)1 .2492|1.2535)1.2578|1. 262211. 2666|1 .2711 
2243} 2283) 2324) 2366; 2408) 2450 535} 2579} 2623) 2667) 2712 
2243] 2284) 2325) 2366] 2408] 2450 3} «6©2580) «62624; 2668} 2713 
2244) 2285) 2326) 2367) 2409) 2451 2580} 2624) 2669) 2713 
2245; 2285) 2326) 2368) 2410) 2452 ; 38} 2581} 2625) 2669} 2714 


40 |1.2245/1.2286)1.2327|1.2368)1.2410)1.2453/1.2495 ~2582)1 .2626)1.2670}1.2715 
2246) 2287) 2328) 2369) 2411) 2453 2539} 2583} 2626) 2671 
2247| 2287) 2328) 2370) 2412) 2454 2583} 2627) 2672 
2247) -2288} 2329) 2371] 2412) 2455 4 2584] 2628) 2672 
2248} 2289) 2330) 2371) 2413 2455) 24 : 5d 2585} 2629) 2673 


2249/1. 2289)1.2331/1.2372/1.2414]1. 245 2542/1. 2585]1. 262911. 2674]1.271¢ 
2249} 2290] 2331) 2373] 2415] 2457] 2: 43} 2586] 2630) 2675 
2250; 22911 2332] 2373] 2415] 2458 43] 2587] 2631} 2675 
2251] 2291) 2333] 2374) 2416] 2458 : 14, 2588) 2632 oe 
2251] 2292} 2333| 2375| 2417} 2459] 2: 5] 2588] 2632] 2677 
“50 |1.2252|1.2293]1.2334|1.2375/1.2417/1. 1.2589/1.2633/1.21 
51 | 2253) 2294) 2335] 2376] 2418] 2460 2590) 2634 
2253] 2294] 2335] 2377} 2419] 2461 2591| 2635 
2254] 2295) 2336] 2378] 2419] 2469] 2: 481 2591 2635 
2255] 2296] 2337] 2378) 2420) 2469] 250: 2592} 2636 


1.2256/1.2296|1.2337)1.2379|1. 242111. 2463/1 .2506)1. 954911 .9593 2593)1 26 26371. 
2256] 2297) 2338] 2380| 2422, 2464] 2507] 2550 
2257; 2298) 2339) 2380] 24299] 2465 2551 
2258} 2298) 2339! 2381] 24231 2465 2551 
2258] 2299] 2340) 2382] 2424) 2466 2552 
2259} 2300) 2341) 23821 2494! e467] 2: 2553 
47 46] 45'| 44° | 43°] 42°{ 41! 40'| | 
6 DEGREES. 


When the Apparent Distance is less than 90°, the Second Correction is to be taken from the Bottom. 


TABLE XXXII 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 
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The First Correction is always to be taken frorn the ‘lop, and also the Second, when the Apparent Distance is greater than 90°, 


25° 


O77 oi 
2776 
2777 


24° 
1.2730)1 
2731 
7232 
2732) 2778 
2733) 2779 


|1.2734|1.2779|1. 
2735| 2780 
2735| 2781 
2736] 2782 
9 | 2737| 2782 
10 |1.2738)1.2783)1 
2738) 2784 
2739) 2785 
2740) 2785 
27411 2786 


26’ 
2821/1. 
2822 
2823 
2824 
2825 
2825/1. 
2826 
2827 
2828 
2828 


2831 
2831 
2832 


27' 


2Q868|1.2915 


2869 
«2869 
2870 
2871 
“28721. 
2873 
2873 
2874 
2875 


2829/1. 2876)1.2923 
2830 


2876 
2877 
2878 
2879 


3 DEGREES. 


28° 29° 
2915/1. 2962/1. 
2916) .2963 
2916; 2964 


2917 


2918 


2919 
2920 
2920 
2921 
2922 


3014/1 


30’ 31’ 


30101 ae 
3011 0 
3012} 3060 
3013} 3061 
3014} 3062 
3063 
3064 
3065 
3065 
3066 


3015 
3016 
3017 
3018 


~2970)1 
2971 
2972 
2973 
2973 


2924 
2924 
2925 
2926 


3018/1 


3067 
3068 
3069 


3019 
3020 
3021] 3069 
3022) 3070 


15 |1.2741)1.2787/1 
j 2742) 2788! 
2743) 2788 
2744) 2789 
2744) 2790 

1.2745]1.2791 
2746, 2792 
2747} 2792 
2747). 2793 
2748) 2794 


26 


- 2749/1 .2795 
2750} 2795 
2796 
2797 
2798 
1.2798/1 
2799 
2890 
2801 
2801 


» 2833/1 


2834 
2835 
2835 
2836 


.2837)1 


2838 
2838 
2839 
2840 


2841/1 


2841 
2842 
2843 
2844 


.2845]1 


2845 
2846 
2847 
2848 


- 2802 
2803 
2804 
2805 
2805 


19 1.27601 ~ 2806 
41 2761; 2807 
2762) 2808 
9763} 2808 
27631 2899 
1.2764]1.2810)1 
9765) 2811 
2766} 2811 
2766) 2812 
2767) 2813 
.2768/1.2814]1. 
2769) 2815 
2769} 2815 
2770) 2816 
"2771| 2817 


55. 1. QTT7Oi1. 2818/1. 
2772) 2818 
2773| 2819 
2774) 2820 
Q775| 2821} 
2775) 2821 
ae | af | 


— | 


bw et 
~j~ 
Cr-Or Or ric 


2856 


» 2848/1. 


2849 
2850 
2851 
2852 


2852 


2853 
2854 
2855 
2855 


2857 
2858 
2859 
2859 
2860/1.2907 
2861 
2862 
2862 
2863 
28641.2911 
2865 
2866 
2866 
2867 
2868 


33° | 


- 2880/1 
2880 
2881 
2882 
2883 
»2883)1 
2884 
2885 
2886 
2887 


2887/1. 293511 


2888 
2889 
2890 
2391 


~2891i1. 


2892 
2893 
2894 
2894 


28396 
2897 
2898 
2898 
- 2899/1 
2900 
2901 
2901 
2902 


290311 .29. 
2904 
2905 
2905 
2906} ° 


2907|1.2954 
2908 
2909 
2909 
2910 


2911}1. 
2912 
2912 
2913 
2914 
2915 


32 | 


2927) 


2927 
2928 
2929 
2930 


2975 
2976 
2977 
2977 


B97A1.3 


022|1.3071 
3072 
3073 
3073 
3074 


3023 
3024 
3025 
3026 


293111 


YR95I1L. 2942 


2946 


2931 
2932 
2933 
2934 


2979 
2980 
2981 
2981 


.2978)1. 


32’ 


3109 
3110 
3110 
3111 


3113 
3114 
3114 
3115 


3117 
3118 
3119 
3119 


3121 
3122 
3123 
3124 


33 


3158 
3159 
3160 
3161 


3163 
3163 
3164 
3165 


3167 
3168 
3168 
3169 


3171 
3172 
3173 
3173 


1.3116|1.316611.3216 


34’ 


1.3108/1.3158/1.3208]1.3259] 


3209 
3209 
3210 
3211 


3213 
3214 
3214 
3215 


~ 3216/1 


1.3120)1.3170)1.: 


| .3267 


.382711 


35’ 
60 | 
59 
58 


3259 
3260 
3261 
3262 


1.3112/1. 316211. 3219/1 3263 


3264 
3265 
3265 
3266 
50 ‘ 


3268] 49 
3269] 48 | 
3270} 47 
3270) 46 § 
45 | 
44 ff 


3272 
3273 
3274 
3275 


3075/1 
3076 
3077 
3078 
3078 


3026 
3027 
3028 
3029 
3030 


3124): 


3125 
3126 
3127 
3128 


ohio 
3176 
Bilt 
3178 


.BI74IL. 35 


298211 
2983 
2984 
2985 
2985 
2986 
2987 
2988 
2989 
2989 


2935 
2936 
2937 
2938 
29391 
2939 
2940 
2941 
2949 


30301! 


3034/1. 


.3079/1. 


308311. 
3084 
3085 
3086 
3087 


3035 
303€ 
3037 
3038 


» 2990/1 
2991 
2992 
2993 
2993 


2943 
2944 
2945 
2946 


3039). 


3087 
3088 
3089 
3090 
3091 


3039 
3040 
3041 
3042 


2994 
2995 
2996 


2947 
2948 
2949 2997 
2959, 2997 
2950|1.2998)1. 
2951} 2999 
2952| 3000 
2953} 3001 
2954} 3001 


295411. 3002/1. 30 
2955 
2956 
2957 
2958 


3129 
3129 
3130 
3131 
3132 


3179 
3180 
3181 
3182 


.B178i 


.3229)1. 


3230 
3231 
3231 
3232 


3132/1. 
3133 
3134 
3135 
3136 


L9LBIWe 


3138 
3138 
3139 
3140 


3183 
3183 
3184 
3185 
3186 


1.318711 


3188 
3188 
3189 
3190 


.3043|1.3091}1 


“3101 
3101 
3102 
3103 


2958)|1.¢ 
2959 
2960 
2961 
2962 
2962 
31 | 


30 | 


3104/1, 


29 | 


.3141)1 


3142 
3143 
3143 
3144 


.314511. 


3146 
3147 
3148 
_-3148 


"3150 
3151 
3152 
3153 


3153|1.3 
3154 
3155 
3156 
3157 
3158 


3192 
3193 
3193 
3194 


3195 
3196 
3197 
3198 
__ 3198 


.3191) 


~ 32331 
3234 
3235 
3236 
3936 
3237]! 
3238 
3239 
3240 
3241 
~3242}1. 
3242 
3243 
3244 
3245 
324€ 
3247 
3247 
3248 
3249 


1.3288 


3276 


3276 
3277 
3278) : 
3279 
1.3280] 35. 
3281 
3282! : 
3282 
3283 


3284) 


3285 
3286 
3287 
3288 


3289 
3290 
3291 


3293 

3294 
3294] 18 ; 
3295) 17 | 
3296] 16 | 


.3297] 15 § 


3298] 14 f 
3299] 13 } 
3200] 12 } 
3200] 11 | 


"3200 
3201 
3202 
3203 


3204|1.3254 


3204 
3205 
3206 
3207 


3208 


: ined 


27° | 


26° 


3250/1. 


3301) 10 | 
3302} 9 | 
3303] 8 | 
3304 
3305 


6 DEGREES. 


When the Apparent Distance is less than 90°, the Second Correction is to be taken from the Bottom. 
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TABLE XXXIL 


LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


LE A et aa A EEL SET ENE RAE INTE PO ae Sot 
he First Correction is alzays to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 
SN A gt 


3 DEGREES. 


6 DEGREES. 


3954 O25 


When the Apparent Distance is Jess than 90°, the Second Correction is to be taken from the Bottom. 


1.3964 


On rennet eee 


gs. | eae | 37’ | 3938} $89"4 algo’) oa | eae: | oeag | aa’ 4 a ag a 
9 |1.3310|1.3362|1.3415]1. 3468) MB 22/1 35761. 3632/1 .3688|1.3745|1 . 3802/1. 3860]1 .3919 
1 | 3311) 3363| 3415] 3469] 3523/3577} 3633] 3689|) 3746] 3803] 3861] 3920 
g | 3312} 3364] 3416| 3470 3524] 3578) 3634) 3690| 3746 3804) 3862] 3921 
3 | 3313} 3365] 3417] 3471) 3525] 3579] 3635] 3691] 3747} 3805] 3863] 3922 
4| 3313] 3365] 3418] 3471) 3525} 3580] 3635] 3692] 37481 3806] 3864] 3923 
§ [1-3314|1. 3366/1 .3419|1.3472]1.3526)1. 3581/1. 3636|1 .3693]1.3749)1 . 3807|1. 3865|1.3924 
6 | 3315} 3367) 3420] 3473) 3527| 3582} 3637| 3694] 3750] 3808) 3866} 3925 
1 7 | 3316] 3368] 3421) 3474] 3528| 3583] 3638) 3695] 3751] 3809] 3867] 3926 
8 | 3317] 3369] 3422) 3475] 3529] 3584] 3639| 3695] 3752] 3810] 3868] 3927 
9 | 3318] 3370] 3423| 3476] 3530] 3585) 3640} 3696] 3753] 3811/3869] 3928 
10 |1.3319]1.3371|1.3423/1.3477|1.3531/1.3586/1.3641|1.3697|1.3754]1 381211 .3870|1.3929 
11 | 3319] 3372] 3424] 3478] 3532] 3587| 3649} 3698] 3755; 3813] 3871] 3930 
12 | 3320} 3372} 3425] 3479] 3533) 3587| 3643| 3699] 3756] 3814] 3872| 3931 
13 | 3321} 3373} 3426] 3480] 3534] 3588) 3644] 3700] 3757| 3815] 3873] 3932 
14 | 3322} 3374} 3427]. 3480; 3535) 3589] 3645, 3701} 3758] 3816] 3874| 3933 
75 |1.3323/1.3375|1 .3428/1. 3481/1. 3535/1. 3590/1 3646/1 .3702/1.3759|1.3817/1.3875|1 .3934 
16 | 3324} 3376) 3429} 3482) 3536) 3591] 3647| 3703|° 3760] 3818] 3876] 3935 
17 | 3325) 3377] 3430] 3483] 3537] 3592| 3648] 3704] 3761] 3819] 3877| 3936 
18 | 3325] 3378] 3431] 3484] 3538} 3593] 3649] 3705} 3762| 3819] 3878| 3937 
19 | 3326) 3379| 3431} 3485, 3539| 3594} 3649] 3706) 3763) 3820| 3879| 3938 
20 |1.3327|1.3379|1.3432|1.3486|1.3540)1.3595]1 .3650|1.3707|1.3764]2.3821|1.3880]1.3939 
21 | 3328| 3380] 3433] 3487) 3541] 3596| 3651] 3708) 3765] 3822) 3881; 3940 
22 | 3329] 3381] 3434] 3488! 3542] 3597/ 3652) 3709| 3766] 3823] 3832] 3941 
23 | 3330] 3382] 3435] 3488) 3543/ 3598) 3653] 3709| 3767] 3824) 3883] 3942] ; 
24 | 3331] 3383] 3436] 3489] 3544) 3598) 3654} 3710] 3768]. 3825] 3884] 3943 
25 |1.3332/1.3384|1.3437|1.3490/1.3545|1.3599|1.3655|1 .3711]1.3768)] .3826]1.3885)1.3944 
26 | 3332} 3385| 3438) 3491) 3545] 3600] 3656] 3712] 3769] 3827] 3886 3946 
| 27 | 3333] 3386 3438] 3492] 3546] 3601]. 3657] 3713] 3770] 3828| 3887| 3946 
28 | 3334; 3386] 3439] 3493/ 3547| 3602) 3658) 3714 se 3829] 388s} 3947 
29 | 3334] 3387| 3440] 3494] 3548] 3603] 3659] 3715| 3772). 3830] 3889] 3948 
30 [1.3336/1. 3388/1. 3441|1.3495|1.3549|1 .3604]1.3660|1.3716]1. ea 3831/1. 3890|1.3949] 3 
31 | 3337} 3389] 3442} 3496) 3550] 3605} 3661] 3717| 3774) 3832] 3891] 3950 
32 | 3338! 3390| 3443] 3497) 3551) 3606). 3662]. 3718] .3775| 3833] 3899| 3951 
33 | 3338] 3391] 3444} 3498) 3552] 3607} 3663] 3719] 3776] 3834] 3893] 3952 
34 | 3339] 3399] 3445) 3499| 3553] 3608] 3663/3720] 3777| 3835] 3894] 3953 
35 (1.3340|1. 3393/1 .3446|1. 3500/1 .3554|1 .3609|1. 3664]! .3721|1.3778|1.3836)1 . 38951. 
36 | 3341] 3393] 3446] 3501} 3555} 3610} 3665] 3722) 3779] 3837| 3896 3955 
37 | 3342) 3394] 3447/ 3502] 3555}. 3610} 3666] 3723] 3780] 3838] 3897] 3956 
38 | 3343] 3395] 3448! 3503| 3556] 3611} 3667| 3724] 3781]. 3839] 3898] 3957 
39 | 3344] 3396]. 3449, 3504] 3557] 3612| 3668] 3725] 3782] 3840] 3899] 3958 
40 |1.3345|1.3397|1.3450|1.3505|1 .3558|1.3613|1.3669|1 -3726|1 .3783/1.3841|1 .3900]1.3959 
41) i 3398| 3451] 3506) 3559] 3614]. 3670| 3727) 3784] 3842) 3901] 3960 
42 3399| 3452]: 3506) 3560] 3615] 3671] 3727}. 3785] 3843|. 3902] 3961 
43 3400} 3453| 3507| 3561] 3616] 3672] 3728) 3786]. 3844] 3903] 3962 
44 3400| 3454} 3508}. 3562] 3617| 3673) 3729] 3787] 3845] 3904] 3963 
45 -3454|1.3509|1.3563|1 .3618|1.3674]1.3730|1.3788|1.3846]1.3905]|1 
46 3402} 3455] 3510] 3564) 3619] 3675) 3731] 3789] 3847} 3906] 3965 
47 3403} 3456 3511] 3565] 3620} 3676] 3732] 3790). 3848] 3907] 3966 
48 3404, 3457|..3512| 3565] 3621), 3677]. 3733). 3791] 3849] 3908} 3967 
49 52} 3405) 3458) 3513} 3566) 3622} 3677| 3734) 3792] 3850] 3909] 3968 
50 |1.3353]1.3406|1.3459|1 .3513]1 . 3567| 1. 3623]1 . 3678|1.3735 1.37931 .3851|1.3910)1.3969 
51 3460! 3514) 3568) 3623]. 3679] 3736) 3793} 3852] 3911] 3970 
52 3461} 3515] 3569] 3624) 3680] 3737) 3794] 3853] 3912) 3971 
53 3462) 3516} 3570] 3625] 3681] 3738} 3795| 3854] 3913] 3972 
54 3463} 3516} 3571] 3626] 3682) 3739] 3796| 3855] 3914] 3973 
55 -3463|1.3517|1.3572|1.3627/1.3683|1.3740|1.3797|1.3856|1.3915|1.3974 
56 3464} 3518| 3573) 3628]. 3684) 3741] 3798] 3856] 3916| 3975 
57 3465] 3519] .3574| 3629] 3685] 3742) 3799] 3857] 3917| 3976 
58 3466]. 3520] 3575| 3630] 3686] 3743] 3800] 3858] 3918| 3977 
59 3467| 3521) 3576| 3631]. 3687] 3744} 3801] 3859] 3919| 3978 
60 3468| 35221 3576! 36321 3688] 3745] 3802] 3860| 39191 3979 
508 EE oll Ws Cd Be A > Gand ga GED ae is Tae se gk 


TABLE XXXII 147 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


The lirst Correction is a/wuys to be taken from the Top, and also the e Second, when the Apparent Distance is greater ‘than 90°. 


3 DEGREES. 
de 52’ 53’ 54’ 
1.4164)1.4228/1.4292]1.4357|1. 4g24 .4629|1.4699 
“4103 4165] 4229) 4293) 4358 ; 95 560} 4630} 4701 
4104| 4166} 4230) 4294) 4359 ! 493]. 4562) 4631) 4702 
4105| .4167| 4231] 4295] 4361 427 41. 4565| 4632] 4708 
A106} 4168] 4232! 4296) 4362 9 5 564| 4633] 4704 
-4107|1.4169|1 .4233]1 .4297|1.4363]1.4429]1.4497|1.4565|1.4635/1.4708| 5 
4108] 4171] 4234) 4298] 4364] 4430 A98| 4566! 4636! 4707 
4109} 4172] 4235! 4300) 4365} 4431] 4: 4637| @70& 
4110) 4173]. 4236) 4301) 4366] 4433 )} 4565 ;: A709 
4111]. 4174] 4237|. 4302) 4367] 4434) 4: 57 ( ¥ A710} 5 
-4112]1.4175]1.4238]1.4303]1.4368]1.443511.4509/1.45 46 47 
4113] 4176] 4239). 4304) . 4369} 4436 503 572 3491 4712 
4114). 4177| 4240) 4305) 4370] 4437 a : 343] 4714 
4115} 4178]. 4241] 4306] 4372) 4438] 4506 57 3 A715 
4116] . 4179} 4243) 4307) 4373) 4439 507| 457 4645] 4716 
4180/1 .4244|1.4308]1.4374|1.4440]1 .- -4577|1.4646]1.4717| 45 | 
4118) 4181] .4245| 4309) 4375) 4441 4648} 4718] 44 | 
4119} . 4182} 4246). 4310). 4376). 4443 5 4649| 4720} 43 } 
4120) . 4183]. 4247],..4311| 4377|..4444) 5 4650] 4721) 42 § 
4121]. 4184]. 4248] 4313). 4378] 4445 512) 45 4651} 4722) 41 | 
.4122)1.4185|1.4249|1.4314)1.4379|1.4446]1. 2.4582)1 -465211.4723) 40 } 
4124] 4186) 4250] 4315| 4380) 4447 515 4653] 4724) 39 § 
4125]. 4187] .4251|. 4316]. 4381]. 4448 85| 4655} 4726} 38 | 
4126). 4188]. 4252) 4317|-.4383]. 4449 3} 4656) 4727] 37 § 
4127). 4189] 4253] 4318]. 4384)] . 4450 4657|, 4728] 36 | 
-4128)1.419111.4254)1.4319]1.4385]1.445211.4519]) .4588]1.4658]1.4729] 35 
4129}. 4192) 4255] 4320} 4386 45 Ads A5§ 4659| 4730 
4130) 4193] 4256) 4321) 4387 45 , 4660} 4732] 33 
4131) 4194) 4258] 4322) 4388 § 5 1. 4662) 4733 
_ 4132) 4195} 4259). 4323) 4389 56 593] 4663] 4734 
1.4260|1.4325|/1.4390]1.4457!1. 4525/1. 41.4664|1.4735] 
“4072 “4134 “4197 4261]. 4326) 4391 45 4665} 4736 
4073] 4135} 4198] 4262) 4327) 4393 5 527| 4596] 4666] 4737 
4074) 4136] 4199] 4263] 4328) 4394 é 4668! 4739 
AU75| 4137|. 4200) 4264] 4329] .4395 462 55 ¢ 4669| 4740 
~4138/1. 4201/1. 426511.4330/1.4396/1.4463]1.4531]1.4600]1.4670|1.4741 
4139}. 4202] 4266) 4331). 4397}. 4464 532} 4601] 4671) 4742 
4140). 4203] 4267] 4332] 4398]. 4465 33) 4602) 4672) 4744 
4141]. 4204]. 4268) 4333] 4399] 4466 4603} 4673] 4745 
4142). 4205] 4269) . 4334) 4400} .4467 535| 4604] 4675} 4746 
-4143|1.4206]1.4270)1.4335]1.4401)1. .4536|1.4606|1.467611.4747 
4144) 4207| 4271] . 4336). 4402). 446 4607| 4677| 4748 
4145| -4209| 4273].. 4338]. 4404) :4¢ ) 9}. 4608] . 4678} 4750 
4146) 4210] .4274] ...4339| ..4405 yee . 4609} 4679) 4751 
4147). 4211]. 4275). 4340]. 4406) . 4473}. 4610) 4680) 4752 16 


1.4149|1.421211.4276|1.4341|1.4407|1. 4474/1. 4548 1.4682|1.4753| 15 | 
4150} 4213] .4277| 4349] . 4408]. 4475) . 4612) 4683) 4754] 14 
4151). -4214| . 4278! -4343|]..4409|.. 4476 4684| - 4756} 13 
4152!. 4215] ..4279| .4344].. 4410|.. 4477) ...4546 4685) 4757| 12 
4153] ..4216} 4280] 4345]. 4411] .4479 4686| 4758] 11 
1.4030|1,4091/1.4154|1.4217|1.4281/1.4346|1 .4412i1- 1.4688)1 . 4759 4759| 10° 
4031} 4092) 4155) 4218) 4282) 4347|- 4414 4689} 4760) 9 
4032} 4093] 4156) 4219} 4283) 4349). 4415 4690} 4762 
4033} 4095) 4157) 4220) 4284] 4350] 4416 . 465 4691} 4763 
4034) 4096] 4158}. 4221) 4285) 4351] 4417 4692} 4764 
1.4035]1.4097|1.4159|1, 429911 .4287]1.4352/1.4418)1. 
4036]. 4098] 4160}. 4223] 4288) 4353] 4419 
4037} 4099) 4161) 4224! 4289) 4354) 4420 
4038}. 4100] 4162). 4226) 4290) 4355]. 4421). 
4035} 4101 227|...4291| 4356} 4422 ( 
4)40). 4102) 416: ‘ 42921 43571 4424 ! 4699 
i EY aa : 
G6 DEGREES. 


ee ee, kee. ee Came eM ee a ae eee 
When the Apparent Distance is dess than 90°, the Second Correction is to be taken from the Bottom. 


Gh Git | 
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148 


4 DEGREES. 
1S. 0’ 5 2 5 6 “jl 8’ 9’ 10° | e4dt 
10 11.4771/1.4844|1.4918]1. Bae gee 514911 .5229/1.531011.5393]1.547711.5563/1.5651| 60 | 
f i 4772) 4845) 4920) 4995! 5072] 5150| 5230] 5311] 5394] 5478] 5564} 5652) 59 | 
h 9 | 4774) 4847| 4921] 4997) 5073] 5152| 5231] 5313) 5395| 5480) 5566) 5654) 58 § 
i 3 4775| 4848] 4922) 4998] 5075} 5153] 5233] 5314) 5397| 5481) 5567] 5655) 57 
i 4) 4776) 4849} 4923] 4999]’ 5076] 5154) 5234| 5315! 5398] 5483| 5569} 5657) 56 
N55 (1.47771 .4850|1 .4925|1 . 500011. 507711. 5156|1 .5235|1. 531711 .5400|1.5484]1.5570]1.5658| 55 § 
1 G| 4778) 4852) 4926) 5002} 5079} 5157] 5237| 5318) 5401] 5486) 5572) 5660) 54 4 
1 7 | 4780) 4853) 4927) 5003} 5080) 5158] 5238| 5320] 5402) 5487| 5573] 5661) 53 
H 8 | 4781} 4854) 4928} 5004) 5081} 5160) 5240] 5321) 5404} 5488) 5575] 5663) 52 
i 9 | 4782) 4855} 4930] 5005] 5082) 5161| 5241) 5322) 5405] 5490| 5576) 5664 51 
| 1.4783]1.4856/1.4931|1.5007|1. 5084/1 .5162/1 524911 .5324/1.5407|1.5491]1.5578)|1 .5666| 50 | 
4785| 4858} 4932] 5008) 5085} 5164) 5244) 5325] 5408) 5493! 5579] 5667) 49 
4786, 4859| 4933} 5009} 5086] 5165} 5245) 5326] 5409] 5494) 5580) 5669] 48 j 
: 4787| 4860) 4935} 5011} 5088] 5166} 5246) 5328] 5411) 5496) 5582) 5670} 47 
4788) 4861] 4936) 5012) 5089} 5168; 5248) 5329) 5412) 5497|* 5583! 5671) 46 | 
15 |1.4789]1.4863|1.4937|1 .5013{1.5090|1. 516911 .5249/1.5331|1. 5414/1. 5498|1 .5585|1.5673| 45 
4791| 4864] 4938]. 5014} 5092) 5170) 5250| 5332] 5415) 5500) 5586) 5674) 44 
4792} 4865] 4940! 5016] 5093] 5172) 5252) 5333) 5416} 5501, 5588} 5676) 43 
4793] 4866] 4941} 5017| 5094} 5173} 5253) 5335) 5418] 5503] 5589} 5677| 42 
4794} 4868} 4942} 5018| 5095] 5174| 5254) 5336) 5419} 5504) 5591) 5679) 41 
A 20 11.4795|/1.4869|1.4943]1.501911.5097)1.5175|1 5256/1 .5337|] .5421/1. 5506|1 .5592)1.5680) 40 
4797| 4870) 4945! 5021) 5098] 5177) 5257) 5339] 5422) 5507) 5594} 5682) 39 
4798| 4871| 4946) 5022) 5099} 5178] 5258) 5340} 5423) 5508] 5595} 5683) 38 
4799) 4873) 4947) 5023] 5101] 5179| 5260) 5341] 5425) 5510] 5596) 5685) 37 
4800} 4874) 4949] 5025] 5102) 5181) 5261) 5343/ 5426) 5511| 5598) 5686) 36 
1.4801)1.4875]1.4950]1 . 5026/1. 5103/1. 5182|1.5262/1.5344/1.5428/1.5513/1.5599|1.5688) 35 
4803} 4876) 4951] 5027} 5105] 5183| 5264) 5346] 5429) 5514] 5601) 5689) 34 
4804) 4877} 4952} 5028] 5106] 5185| 5265] 5347| 5430| 5516] 5602) 5691| 33 
4805) 4879} 4954] 5030) 5107] 5186) 5266) 5348) 5432} 5517) 5604} 5692| 32 
4806) 4880} 4955} 5031] 5108] 5187| 5268) 5350) 5433| 5518] 5605) 5694) 31 
1.4808/1.4881|1.4956/1.5032/1.5110/1. 5189/1 .5269]1. 5351/1 .5435)1.5520|1 .5607|1.5695| 30 
4809| 4882) 4957] 5034) 5111] 5190| 5271] 5353) 5436] 5521} 5608} 5697| 29 
4810} 4884} 4959} 5035) 5112) 5191] 5272) 5354) 5437) 5522) 5610) 5698] 28 
4811} 4885} 4960} 5036] 5114) 5193] 5273| 5355] 5439] 5524) 5611) 5700| 27 
4812} 4886} 4961) 5037} 5115| 5194) 5275] 5357| 5440) 5526] 5613) 5701) 26 
H 35 |1.4814/1.4887|1.4962/1.5039/1. 5116/1 .5195|1.5276/1.5358)1 .5442)1.5527|1.5614|1.5703| 25 
4815| 4889} 4964} 5040} 5118] 5197| 5277] 5359] 5443) 5528/ 5615) 5704) 24 | 
4816| 4890] 4965} 5041] 5119) 5198) 5279] 5361) 5445; 5530) 5617) 5706] 23 | 
4817| 4891] 4966] 5043] 5120) 5199) 5280) 5362} 5446} 5531) 5618) 5707| 22 | 
; 4819] 4892) 4967} 5044] 5122) 5200} 5281) 5364) 5447) 5533] 5620| 5709] 21 | 
; 1.4820/1.4894]1.4969|1.5045|1.5123|1. 5202/1 .5283]1.5365/1.5449]1.5534/1.5621/1.5710; 20 | 
4821) 4895) 4970| 5046] 5124] 5203) 5284) 5366] 5450| 5536) 5623) 5712! 19 ¢ 
4822} 4896} 4971) 5048] 5125] 5205] 5285! 5368) 5452) 5537| 5624) 5713] 18 | 
4823] 4897} 4972) 5049] 5127] 5206] 5287| 5369) 5453) 5538] 5626} 5715] 17 
44 | 4825) 4899| 4974) 5050] 5128) 5207| 5288| 5370) 5454) 5540) 5627} 5716) 16 | 
: 1.4826|1.4900|1.4975|1.5051(1.5129/1.5209|1 .52901.5372/1.54561.5541/1.5629/1.5718) 15 | 
4827| 4901) 4976} 5053| 5131] 5210| 5291) 5373] 5457| 5543) 5630) 5719) 14 § 
47 | 4828] 4902) 4977] 5054} 5132) 5211] 5292} 5375| 5459| 5544) 5632) 5721) 13 
| 4830) 4903] 4979] 5055} 5133} 5213] 5294] 5376] 5460] 5546] 5633] 5722) 12 
4831) 4905} 4980] 5057} 5135! 5214) 5295] 5377) 5461| 5547] 5635| 5724) 11 
50 |1.4832|1.4906|1.4981|1.5058)1.5136/1.5215/1 -5296|1.5379|1 .5463|1.5549/1.5636/1.5725| 10 
4833] 4907} 4983) 5059] 5137| 5217| 5298] 5380] 5464) 5550] 5637] 5727) 9 
4834) 4908} 4984) 5061] 5139) 5218] 5299] 5382) 5466] 5551] 5639} 5728] 8 § 
4836} 4910} 4985} 5062} 5140| 5219] 5300] 5383] 5467] 5553) 5640! 5730) 7 # 
4837; 4911} 4986} 5063} 5141] 5221] 5302) 5384] 5469} 5554| 5642] 5731) 6 
55 |1.4838|1.4912|1.4988|1. 5064/1 .5143/1 5222/1. 5303|1.5386|1.5470|1.5556/1.5643/1.5733| 5 
4839] 4913} 4989] 5066] 5144} 5223} 5305] 5387| 5471] 5557| 5645) 5734) 4 | 
4841] 4915] 4990} 5067] 5145] 5225} 5306] 5389] 5473] 5559] 5646] 5736] 3 | 
4842} 4916] 4991] 5068] 5146] 5226! 5307| 5390) 5474] 5560| 5648] 5737] 2 
4843] 4917} 4992) 5070] 5148] 5227| 5309} 5391] 5476| 5562| 5649] 5739] 1 
4844} 4918] 4994] 5071] 5149] 5229] 5310] 5393) 5477| 5563} 5651] 5740) 0 | 
bo | 5B ior]. "56 |. 551° 64) Say sso | 51 | 60] see ae 
5 DEGREES. 


When the Na Distance is ess than 90°, the Second Correction is to be taken from the Bottom. 


| TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 
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TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


149 


The First Correction is a/ways to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90° 


When the ppperent Distance is less than 90°, the Second Correction is to be taken from the Bottom. 


§ DEGREES. 


i 


ATMEL Uw Nok aT cack 


a Sass 


4 DEGREES. 
13’ 14’ 15) aa 17’ 18’ 19’ 20 21 22' 23’ 
1.5740]1 .5832|1 .5925|1.6021]1.6118'1.6218)1. 1.6320/1 .@MB5|1 .6532/1.6642/1 6755/1. 6871 60 
5833| 5927) 6022) 612 6220' 6322) 6427) 6534) 6644) 6757) 6873) 59 
5835) 5928) 6024) 6121) 6221 6324) 6428) 6536) 6646) 6759) 6875] 58 
5836} 5930} 6025] €123) 6223, 6325] 6430] 6538] 6648) 6761] 6877) 57 
5838} 5931} 6027) 6125) 6225) 6327) 6432; 6539} 6650) 6763) 6879| 56 
1.5748)1. 1.5839|1. 59381. 6029/1 .6126/1.6226)1.6329]1.6434]1.6541)1.6651/1.6764/1.6881] 55 | 
5841} 5935; 6030} 6128) 6228) 6331} 6435] 6543) 6653) 6766} Gg882\ 54 | 
5843} 5936) 6032) 6130) 6230! 6332) 6437) 6545) 6655) 6768 84] 53 | 
5844; 5938) 6033) 6131) 6232) 6334) 6439] 6547} 6657} 6770} 6886] 52 § 
5846} 5939) 6035) 6133) 6233) 6336; 6441] 6548) 6659} 6772! 6888] 51 
.5755)1.5847}1.5941)1 .6037/1.6135/1.6235)1.6338)1 .6443/1 .6550)1.6661|1.6774\|1.6890| 50 
5849} 5942) 6038) 6136) 6237| 6339) 6444] 6552) 6663] 6776} 6892} 49 § 
5850} 5944) 6040} 6138} 6238} 6341); 6446] 6554) 6664) 6778) 6894] 48 § 
5852} 5946 6042) 6140) 6240) 6343) 6448] 6556} 6666} 6780) 6896| 47 
5853} 5947] 6043) 6141) 6242} 6344) 6450! 6558] 6668) 6782) 6898 46 | 
15 |1.5763)1.5855}1 .5949)1 .6045)1.6143]1 .6243)1.6346)1.6451|1.6559)/1. 6670/1. 1.6784|1.6900| 45 
5856} 5950) 6046) 6145) 6245) 6348) 6453) 6561} 6672) 6785} 6902) 44 
5858} 5952) 6048) 6146) 6247) 6350) 6455) 6563} 6674) 6787} 6904} 43 
5860| 5954) 6050; 6148} 6248) 6351] 6457) 6565) 6676) 6789} 6906} 42 
5861} 5955) 6051; 6150) 6250) 6353) 6459) 6567) 6677) 6791) 6908) 41 
1.577111 .5863}1 .5957|1.6053]1.6151}1.6252)1.6355)1 .6460]1 .6568)1.6679]1. 6793|1.6910| 40 
5864] 5958) 6055) 6153} 6254) 6357) 6462) 6570) 6681} 6795} 6912] 39 
5866} 5960) 6056} 6155} 6255) 6358) 6464) 6572) 6683) 6797| 6914) 38 
5867| 5961) 6058) 6156} 6257} 6360) 6466| 6574| 6685) 6799} 6916) 37 
5869} 5963) 6059) 6158} 6259) 6362) 6467| 6576) 6687) 6801} 6918} 36 
fh 25 11.5778)1.5870/1.5965)1.6061/1.6160]1 . 6260}1 .6364]1 .6469|1 .6578)1 .6689/1.6803}1 .6920) 35 
’ 5872} 5966) 6063) 6161}; 6262) 6365) 6471) 6579) 6691} 6805| 6922) 34 
5874| 5968) 6064) 6163} 6264) 6367) 6473) 6581| 6692} 6807} 6924} 33 
5875} 5969} 6066) 6165} 6265} 6369) 6475) 6583} 6694| 6809} 6926) 32 
5877| 5971) 6067; 6166} 6267) 6371) 6476) 6585} 6696) 6810] 6928) 31 
“30 |1.5786|1.587811.5973 5973/1 .6069|1.6168|1.6269|1.6372/1.6478)1.6587|1.6698)1 .6812|1.6930| 30 
5880| 5974) 6071); 6169) 6271) 6374) 6480) 6589} 6700) 6814} 6932) 29 § 
5881} 5976) 6072) 6171) 6272) 6376) 6482) 6590} 6702; 6816) 6934} 28 
5883} 5977| 6074) 6173] 6274) 6377) 6484) 6592! 6704; 6818] 6936) 27 
5884, 5979) 6076) 6174) 6276) 6379) 6485) 6594| 6706} 6820) 6938) 26 
1.5793}1.5886]1.5981/1.6077|1 .6176)1.6277|1.6381/1 .6487/1.6596]1 .6708)1 .6822)1.6940) 25 
5888} 5982! 6079} 6178} 6279) 6383) 6489} 6598! 6709] 6824} 6942) 24 
5889| 5984} 6081} 6179| 6281) 6384! 6491] 6600) 6711) 6826} 6944} 23 
5891| 5985) 6082! 6181| 6282) 6386} 6492) 6601} 6713) 6828} 6946} 22 
5892) 5987| 6084! 6183| 6284) 6388) 6494; 6603] 6715) 6830) 6948) 21 
40 |1.5801]1.5894/1.5989]1.6085/1.6185}1 .6286)1.6390}1 .6496|1.6605]1.6717|1.6832|)1.6950; 20 
5895} 5990) 6087} 6186} 6288) 6391} 6498) 6607} 6719) 6834) 6952) 19 
5897| 5992) 6089} 6188) 6289} 6393} 6500} 6609) 6721) 6836} 6954! 18 
5898] 5993} 6090} 6190) 6291} 6395) 6501} 6611) 6723! 6838] 6956} 17 
5900| 5995| 6092} 6191] 6293] 6397) 6503) 6612} 6725| 6840| 6958) 16 
1 45 |1.5809|1.5902|1.5997|1 .6094|1.6193|1. 6294/1 .6398|1 .6505|1 . 6614/1 .6726|1.6841|1.6960| 15 | 
5903] 5998] 6095] 6195] 6296) 6400) 6507| 6616] 6728] 6843} 6962) 14 | 
5905} 6000! 6097| - 6196) 6298} 6402) 6509] 6618] 6730| 6845) 6964) 13 
5906] 6001; 6099! 6198} 6300! 6404) 6510} 6620) 6732) 6847} 6966) 12 
5908} 6003) 6100) 6200) 6301 6406} 6512} 6622! 6734! 6849) 6968) 11 
1.5816]1.5909]1. 6005/1 .6102/1.6201|1.6303)1. 640711. 65141. 6624/1. 6736|1.6851/1.6970) 10 
5911} 6006) 6103) 6203] 6305) 6409) 6516} 6625} 6738) 6853) 6972) 9 
5913] 6008] 6105| 6205} 6306} 6411) 6518) 6627| 6740) 6855| 6974 8 
5914| 6009} 6107! 6206) 6308} 6413) 6519} 6629| 6742| 6857| 6976) 7 
5916] 6011} 6108] 6208} 6310} 6414) 6521} 6631} 6743} 6859] 6978) 6 
5824]1.5917|1.6013]1 .6110|1 .62101.6312/1.6416|1. 6523/1 .6633|1.6745|1.68611 6980} 5 
5919} 6014} 6112) 6211) 6313) 6418) 6525) 6635] 6747| 6863 6982) 4 
5920} 6016} 6113] 6213] 6315) 6420} 6527) 6637] 6749} 6865 6984) 3 
5922} 6017| 6115) 6215} 6317} 6421) 6529) 6638] 6751] 6867, 6986) 2 
5924] 6019} 6117} 6216) 6319| 6423) 6530] 6640] 6753] 6869) 6988} 1 J 
5925! 6021) 6118] 6218) 6320} 6425) 6532) 6642| 6755) 6871 6990} 0- 
AG3| 45") aaa ss | Aa are aor Tee fess | BT | esa ee 


160 | VABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. : 
The First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater then sae 


4 DEGREES. 


5 DEGREES. 


When the Apparent Distance is Jess than 90°, the Second Correction is to be taken from the Bottom. 


TABLE XXXII. 151 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 


The First Correction is always to be taken from the Top. and also the Second, when the Apparent Distance is greater than 90°. 


4 DEGKEES. 
37’ | fo’ |. “a1' 43' {./44' |. 45’ | 46" |. ‘47" ! 
1. 8751|1.8935|1 .9128]1. -0512|2.0792|2.1091]2.1413) 60 | 
8754| 8939] 9132 9546] 9769) 0252} 0516 0797] 1097| 1419] 59 | 
8757| 8942) 9135 9337| 9550) 9773 0257| 0521} 0801) 1102} 1424] 58 | 


8760} 8945} 9138 9553) 9777 0261) 0525} 0806} 1107] 1430) 57 § 
8763} 8948] 9142 9557 _ 9780 3} 0265} 0530} 0811} 1112) 1436 56 


1.8766|1 .8951/1.9145]1.9348]1.9561|1.9784|2.0020/2.0270/2. 0534/2. O816|2.1117|2.1441) 55 | 
8769} 8954) 9148 9564; 9788 24) 0274) (0539) 0821} 1123) 1447] 54 { 
8772) 8958} 9152 55} 9568) 9792! é 0278} 0543; 0826} 1128} 1%52} 53 
8775} 8961} 9155 : 957 11" * 9796 ‘ 0282! 0548} 0831} 1133} 1458] 52 § 
8778} 8964) 9158 eh ial! 9800}: } 0287) 0552) 0835; 1138] 1464} 51 | 


1 10 |1.8781|1.8967|1.9162|1.9365 3]2 0040/2. 0291]2.0557|2.0840)2.1143)2.1469] 50 | 

8784} 8970) 9165 9807 44) 0295) 0562) 0845] 1149) 1475] 49 
8787} 8973; 9168 9811 49} 0300} 0566} 0850} 1154] 1481] 48 | 
8790} 8977} 9172 9815 53} 0304} 0571) 0855} 1159) 1486] 47 | 
8793} 8980] 9175] ¢ 9819 0308} 0575} 0860) 1164) 1492 46] 


-8983]1 .9178|1 .9383)1 .95! 
8799} 8986} 9181 36 9827 0317| 0585 ier ol "1175; 1503 44 } 
8802} 8989 939, 9830 0321) 0589) 0875) 1180) 1509) 43 
8805} 8992} : 9834 3} 0326} 0594} O880} 1186) 1515] 42 | 
8808] 8996] 9191 9838 0330} 0598} 0884) 1191) 1520) 41 | 


1.8811]1.8999|l .9195]1.9400|1 .9615]1.9842|2.0 2. 1526 40 | 
8814} 9002) 9198 j 9846 0339) 0608) 0894 oie 1532} 39 } 
9005} 9201 523} °° 9850 0343} 0612} 0899} 1207} 1538] 38 
1} 9008) 9205 526] 9854 3} 0347) 0617} 0904) 1212) 1543) 37 
8824 9012) 9208 41 - 9858 0352}. 0621} 0909) 1217) 1549) 36 
921211. 92 -9634)1.9861/2. 2. 0356/2. 0626/2.0914/2.1223/2.1555) 35 | 
"8830 “9018 9215} 9421) 9638) 9865 0360} 0631) 0919} 1228) 1561) 34 f 
8833} 9021) 9218} 9425} 9641) “9869, 0365] 0635} 0924} 1233] 1566) 33 | 
8836}. 9024) 9222) 9428) 9645) 9873 0369} 0640} 0929) 1239) 1572 
8839 9028 9225) 9432) 9649) 9877 3} 0374; 0645; 0934) 1244) 1578 
9228/1 . 9435/1 .9652)1 .9881/2.0122/2 .0378)2 .0649|2 .093912.124912.1584) « 
"8845 "9034 9232) 9439} 9656) 9885} 0126) 0382! 0654) 0944) 1255) 1589 
8848] 9037} 9235) 9442} 9660! 9889) 0131} 0387; 0659) 0949} 1260) 1595 
8851} 9041} 9238) 9446) 9664) 9893}. 0135; 0391) 0663) 0954) 1266} 1601 
8854} 9044) 9242) 9449) 9667; 9897; 0139) 0395} 0668} 0959] 1271) 1607 


1.8857|1.9047|1.9245]1. 9453/1 .9671|1.9901/2.014312. 0400/2. 0673/2.0964|2.1276|2.1613 
8861} 9050) 9249 é 9675). 9905} 0147} 0404) 0678 0969 1282} 1619 
8864; 9053} 9252 9678; 9908} 0151} 0409) 0682) O974| 1287) 1624 
8867} 9057) 9255 464) 9682) 9912) 0156) 0413) 0687} 0979) 1292; 1630 
8870} 9060) 9259 9686; 9916} 0160) 0418) 0692) 0984} 1298} 1636 


.9063]1.9262)1.94' - 9690}1 .9920)/2 .0164)/2 .0422/2 .0696)2.0989/2. 1303/2. 1642: 
"8876 9066) 9266 9693} 9924} 0168) 0426) O701} 0994} 130%} 1648 
8879] 9070} 9269 9697}. 9928} 0172) 0431} 0706) 0999) 1314] 1654 
8882) 9073) 9272 9701} 9932) 0176; 0435) 0711] 1004} 1320) 1660 
8885) 9076] 9276 9705} 9936} 0181) 0440} 0715} 1009} 1325} 1665 


.9079]1.9279|1.9488)/1.9708)1. 1.9940)2. 0185|2.0444/2.0720/2. 1015/2. 1331|2.1671 
8892) 9083} 9283 92} 9712} 9944| 0189) 0449} 0725] 1020! 1336] 1677 
8895) 9086) 9286 9716) 9948} 0193] 0453) 0730) 1025] 1342] 1683 
8898} 9089} 9289 d 9720): 9952| 0197) 0458! 0734} 1030} 1347] 1689 
8901} 9092) 9293 5 9723) 9956} 0202! 0462) 0739] 1035] 1352 1695) 


-8904}1 .9096)1.9296)1. 97271. 9960|2.0206|2.0467/2.0744/2.1040)2. 1358|2.1701| 10 | 
9099} 9300 9731} 9964) 0210) 0471) 0749) 1045} 1363) 1707 
9102) 9303 9735} 9968} 0214) 0475) 0753} 1050} 1369} 1713 
9106) 9306 9739} 9972) 0219) 0480) 0758} 1055) 1374) 1719 
9109) 9310 - 9742) 9976) 0223) 0484) 0763} 1061) 1380} 1725) 6 


$9112}1.9313/11. 9746/1 .9980)2. 0227/2 .0489|2. 0768/2. 1066/2. 1386/2. 1731| 5) 
9115} 9317 9750; 9984; 0231) 0493) 0773) 1071) 1391) 1737 
9119} 9320 9754) 9988} 0235) 0498) O777| 1076] 1397) 1743 
9122) 9324 5 9758} 9992) 0240) 0502! 0782} 1081} 1402} 1749 
9125) 9327) 9761) 9996) 0244) 0507] O787| 1086) 1408) 1755 
9128} 9331) 9765|2.0000) 0248) 0519]. 0799} 1091) 1413} 1761 | 

Chae MR RT a a 

5 DEGREES. 
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When the Apparent Distance is less than 90°, the Second Correction is to be taken from the Bottom. 


152 TABLE XXXII. 
LOGARITHMS OF THE FIRST AND SECOND CORRECTIONS. 
The First Correction is always to be taken from the Top, and also the Second, when the Apparent Distance is greater than 90°. 


4 DEGREES. 
52" aS" 54 Bie 4: See 57 


|S. eae | pe 50! dl, 0" 


"3531 “4112 “4783 58781. 6550 “7800 
3540} 4122) 4795) 5592) 6568] 7836 
3 1779) 2159) 2574 3549} 4133} 4808! 5607| 6587) 7855) 9652) 2775) 57 
4 1785 2165) 2582 3558! 4143) 4820} 5621) 6605) 7879) 9690) 2852) 56 
5 |2. 2.1791|2. 217212. 2589|2.3051/2.3567/2. 4154/2. 4832/2. 5636/2. 6624/2.7904/2.9727/3.2931| 55. 
6 
7 
8 


9579) 2626) 59 3 


1773} 2152) 2567 9615| 37001 58 


~ 


.0" 
1 | 1767 2145] 2560 
2 


1797| 2178) 2596 3576}. 4164) 4844) 5651) 6642; 7929) 9765} 3010) 54 | 

W603) 2185) 2604 3586) 4175) 4856} 5666) 6661); 7954) 9803) 3091} 53 | 

1809) 2192) 2611 3595} 4185] 4869} 5680} 6679} 7Y979| 9842) 317-4) 52 | 

9 1816) 2198) 2618 3604; 4196) 4881} 5695) 6698) 8004) 9881; 3259) 51 | 
“10 |2.1822/2. 2205/2. 2626/2 .3091]2.3613/2.4206|2.4894/2.571012.6717|2.8030/2.9920/3.3345| 50 
11 1828) 2212) 2633 3623) 4217) 4906) 5725) 6736) 8055) 9960) 3432) 49 
12 1834, 2218) 2640 3632} 4228) 4918] 5740) 6755; 8081/3.0000) 3522) 48 
13 1840} 2225) 2648 3641} 4238) 4931) 5755) 6774} 8107| 0040; 3613) 47 
14 1846} 2232) 2655 3650) 4249 so fat ad aN beks 8133) _ 908) 3707) 467 
15 |2.1852/2.2239)2.2663)2.; 

16 1859) 2245) 2670) ; 

17 1865) 2252) 2678 


“0164 "3900 44 § 
0206; 4000) 43 


3669 “42 70 "4969 “5801 6832 "8186 
3678] 4281) 4981] 5816) 6851]; 8212 
18 1871) 2259) 2685 3688| 4292) 4994) 5832} 6871) 8239) 0248} 4102) 42 § 
19 1877| 2266) 2692 3697; 4303) 5007) 5847) 6890) 8266) 0291) 4206) 41 & 
20 |2.1883)2.2272/2.2700|2.3174/2.3707|2.4314|2.5019|/2.5863)2. 6910/2 .8293/3.0334/3.4314| 40 | 
{ 21 1889] 2279) 2707 3716} 4325) 5032) 5878) 6930) 8320) 0378 4424| 39 § 
22 1896} 2286) 2715 3726| 4335] 5045) 5894) 6950} 8348) 0422 36} 38 | 
23 1902} 2293) 2722 3735} 4346) 5058) 5909! 6970} 8375) 0467 o2| 37 
24 1908} 2300) 2730 3745} 4357) 5071) 5925) 6990} 8403) 0512) 4771) 36 J 
25 |2.1914)2 2. 2307/2.2738)2.321612.3754/2.4368)2. 5084/2. 5941/2.7010|2.843113.0557/3. 4894 35 | 
26 1921) 2313) 2745 3764| 4379} 5097) 5957) 7030} 8459) 0603) 5019) 34 
27 1927; 2320) 2753 3773} 4390} 5110} 5973) 7050) 8487) 0649) 5149) 33 | 
28 1933) 2327| 2760 378 4401} 5123} 5989) 7071} 8516) 0696) 5283) 32 
y 29 1939) 2334! 2768 3792) 4412} 5136} 6005) 7091] 8544) 0744) 45421) 31 
30 |2.1946\2 2341/2 .2775|2. 3259/2. 3802/2. 4424/2. 5149/2. 602112.7112|2.8573|3.0792/3.5563] 30 | 
31 1952) 2348} 2783 3812) 4435} 5162! 6037| 7133} 8602) 0840} 5710) 29 ; 
32 1958) 2355} 2791 3821} 4446] 5175} 6053} 7154) 8632) 0889} 5863) 28 
33 1965) 2362) 2798 3831; 4457) 5189} 6069} 7175) 8661) 0939} 6021) 27 
34 1971) 2368; 2806 3841] 4468) 5202} 6085} 7196} 8691) 0989} 6185) 26 


35 |2.1977|2.23752. Sige 2.3301/2.3851/2.4480/2.5215/2.6102/2.7217/2. 8721/3. 1040/3.6355| 25 § 
36 | 1984) 2382] 282 3860} 4491) 5229] 6118) 7238] 8751) 1091] 6532) 24 | 
37 | 1990) 2389 We 3870] 4502) 5242) 6135] 7259] 8781) 1143} 6717] 23 § 
38 | 1996] 2396) 2837 3880| 4514] 5256| 6151] 7281) 8811) 1196] 6910} 22 | 
39 | 2003} 2403] 2845 3890) 4525) 5269] 6168) 7302} 8842) 1249} 7112) 21 | 
40 |2. 2009/2. 24102, 2852/2. 3345/2. 3900/2. 4536/2 .5283|2 -6185|/2.7324)2 .8873)3.1303/3.7324| 20 | 
41 | 2016] 2417] 2860 3910} 4548} 5296) 6201] 7346; 8904) 1358} 7547] 19 | 
42 | 2022) 2424) 2868 3919| 4559) 5310] 6218) 7368| 8935] 1413] 7782/ 18 
43 | 2028} 2431) 2876 3929] 4571] 5324) 6235; 7390} 8967] 1469} 8030} 17 
44 | 2035] 2438] 2883 3939| 4582) 5337| 6252) 7412} 8999] 1526] 8293] 16 | 
2.204112. 2445/2 .2891|2. 3388/2. 3949/2. 4594|2.5351/2.62692.7434/2.9031|3.1584/3.8573) 15 


46 2048) 2453) 2899 3959} 4606 6286) 7456] 9063] 1642) 8873) 14 
47 2054} 2460} 2907 3969} 4617 6303} 7479) 9096) 1701} 9195) 13 
48 2061] 2467} 2915 3979} 4629 6320; 7501} 9128) 1761] 9542) 12 § 


2067) 2474 2923 3989) 4640 6338} 7524) 9162) 1822) 9920) 11 f 


4000/2. 4652/2 .5421/2.6355/2.7547/2.9195|/3.1883/4.0334) 10 


51 2080} 2488) 2939 4010) 4664 6372) 7570) 9228 1946) 0792) 9 
52 2086} 2495) 2946 4020) 4676 6390} 7593] 9262) 2009} 1303] 8 {| 
53 2093) 2502) 2954 4030} 4688 6407| 7616) 9296} 2073] 1883) 7 
54 2099) 2510) 2962 4040} 4699 6425) 7639) 9331] 2139} 2553) 6 


155 |2.2106/2.2517/2. 2970|2.3477|2.4050|2.4711|2.5491|2.6443)2.7663|2.9365/3.2205/4.3345) 5 


56 | 2113} 2524) 2978 4061| 4723 6460} 7686} 9400! 2272] 4314) 4 
57 | 2119] 2531] 2986 A071| 4735 6478} 7710] 9435) 2341] 5563] 3 
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When the Apparent Distance is less than 90°, the Second Correction is to be taken from the Bottom. 
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4 ANGLE OF AZIMUTn AND CORRESPONDING CHANGE OF ALTITUDE IN ONE MINUTE § 
OF TIME. 

| Enter this Table with the Latitude in, at the side, and opposite to which, in the body of the Table, find the 

| approximate Azimuth or Sun’s Angle from the Meridian in Degrees at the time of the observation. Then at 
f the Top will be found the Sun’s change of altitude in 1 minute of time. 

' This Table is useful to verify a set of Altitudes for Chronometer, taken when the Sun is not on the Prime § 
# Vertical, and for other purposes when precision is required. 
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APPARENT ALTITUDE OF THE SUN, OR STAR. 
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| TABLE XXXII. 
THIRD CORRECTION, TO APPARENT DISTANCE 24°. 
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THIRD CORRECTION, TO APPARENT DISTANCE 82°. 


APPARENT ALTITUDE OF THE SUN, OR A STAR. 
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THIRD CORRECTION, TO APPARENT DISTANCE 382°. 
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7196 | 6085 3293 | 2806 } 26 
7175 | 6069 3284 | 2798 | 27 
7154 | 6053 3276 | 2791 | 28 
7133 | 6037 3267 | 2783, 29 
7112 11.6021 1.3259 [1.2775 | 30 
7091 | 6005 3250 | 2768 | 31 
7071 | 5989 3242 | 2760 } 32 
7050 | 5973 3233 | 2753 } 33 
7030 | 5957 3225 | 2745 | 3 
7010 |1.5941 |1. Ai .3754 |1.3216 [1.2738 | 35 
6990 | 5925 3208 } 2730} 36 
6970 | 5909 3199 | 2722} 37 
6950 | 5894 3191 | 2715 } 38 
6930 | 5878 3183 | 2707 } 39 
6910 11.5863 1.3174 {1.2700 | 40 
6890 | 5847 3166 | 2692} 41 
6871 | 5832 3158 | 2685 | 42 
6851 | 5816 3149 | 2678} 43 
6832 | 5801 3141 | 2670 |} 44 
6812 |1.5786 1.3133 {1.2663 } 45 
6793 | 5771 3124 | 2655 | 46 
6774 | 5755 3116 | 2648 | 47 
6755 | 5740 3108 | 2640} 48 
6736 | 5725 3100 | 2633 | 49 
6717 |1.5710 1.3091 |1.2626 | 50 
6698 | 5695 3083 | 2618 | 51 
6679 | 5680 3075 | 2611 | 52 
6661 | 5666 3067 | 2604 | 53 
6642 5651 3059 9596 | 54 
6624 |1.5636 1.3051 11.2589 | 55 
6605 | 5621 3043 | 2582 | 56 
6587 | 5607 3034 | 2574 | 57 
6568 | 5592 3026 | 2567 | 58 
6550 | 5578 3018 | 2560 | 59 
3/0 0 8}0 9 
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me ti? m.jh. m.jh. m.j/h. m.|h. m.jh. m.|h. m.|h- m.lh. m.jh. m.| s. § 

f 10|0 11/0 1210" = 13}0 1410 15|0 16\0 17\0 18|0 19 
0 (1.2553 [1.2139 |1.1761 ]1.1413 [1.1091 [1.0792 ]1.0512 |1.0248 [1.0000 [0.9765 | 0 4 
1 | 2545 | 2132] 1755 | 1408] 1086 | 0787 | 0507 | 0244 |o.9996 | 9761 1 
2 | 2538 | 2126] 17497 1402] 1081] 0782 | 0502 | 0240] 9992] 9758 | 2 | 
3 | 2531 | 2119 | 1743] 1397] 1076 | 6777 | 0498] 0235 | 9988] 9754] 3 
4 | 2524 | 2113) 1737 | 1391 | 1071 | 0773 | 0493 | 0231} 9984] 9750| 4 | 
5 (1.2517 |1.2106 |1.1731 |1.1386 |1.1u66 |1.0768 (1.0489 |1.0227 \0.9980 |0.9746| 5 ff 
6 | 2510 | 2099 | 1725 | 1380] 1061 | 0763 | 0484] 0223] 9976 | 9742 6 | 
7 | 9502 | 2093 | 1719 | 1374] 1055 | 0758 | 0480] 0219 | 9972] 9739 Tg 
8 | 2495 | 2086| 1713 | 1369] 1050] 0753 | 0475 | 0214] 9968] 9735] 8 § 
9 | 2488 | 2080] 1707 | 1363] 1045 | 0749 | 0471 | 0210 | 9964] 9731 9 f 
10 |1.2481 |1.2073 |1.1701 [1.1358 {1.1040 |1.0744 |1.0467 |1.0206 |0.9960 |0.9727 | 10 § 
11 | 2474) 2067 | 1695 | 1352 | 1035) ° 0739 | 0462 0202 | 9956 | 9723 | 11 ¢ 
12 | 2467 | 2061] 1689] 1347 | 1030] 0734] 0458} 0197 | 9952 | 9720] 12 § 
13 | 2460 | 2054] 1683] 1342| 1025] 0730 | 0453 | 0193] 9948 | 9716] 13 
14 | 2453] 2048 | 1677 | 1336 | 1020| 0725 | 0449] 0189 | 9944] 9712| 14 {| 
15 (1.2445 |1.2041 11.1671 |1.1331 [1.1015 [1.0720 |1.0444 |1.0185 |0.9940 |0.9708 | 15 § 
16 | 2438 | 2035 | 16:5] 1325 | 1009 | 0715] 0440] 0181 | 9936 | 9705 | 16 | 
17 | 2431 | 2028] 1660 | 1320] 1004] 0711 | 0435 | 0176 | 9932 | 9701 | 17 { 
18 | 2424 | 2022] i654] 1314] 0999] 0706 | 0431} 0172 | 9928{| 9697 | 18 } 
19 | 2417 | 2016] 1648 | 1309 | 0994] 0701 | 0426} 0168 | 9924 | 9693 | 19 § 
20 |1.2410 |1.2009 |1.1642 1.1303 |1.0989 1.0696 |1.0422 |1.0164 [0.9920 [0.9690 | 20 § 
91 2403 | 2003] 1636 | 1298 | 0984 | 0692 | 0418} 0160] 9916 | 9686} 21 
92 | 9396 | 1996 | 1630 | 1292] 0979 | 0687 | 0413 | 0156 | 9912] 9682] 22 } 
23 | 2389 | 1990 | 1624 | 1287 | 0974] 0682] 0409 | 0151 | 9908 | 9678] 23 | 
94 | 9382 | 1984] 1619 | 1282 | 0969 | 0678 | 0404 | 0147 | 9905 | 9675 | 24 § 
25 |1.2375 {1.1977 |1.1613 |1.1276 |1.0964 |1.0673 |1.0400 {1.0143 |0.9901 |0.9671 | 25 
96 | 2368 | 1971 | 1607 | 1271 | 0959 | 0668 | 0395 | 0139 | 9897 | 9667 | 26 
97 | 2362 | 1965] 1601 | 1266-| 0954 | 0663 | 0391 | 0135 | 9893 | 9664 | 27 
28 | 2355 | 1958] 1595 | 1260 | 0949 | 0659 | 0387 | 0131 | 9889 | 9660] 28 
29 | 2348 | 1952 | 1589 | 1255 | 0944 | 0654 | 0382 | 0126 | 9885 | 9656 | 29 | 
30 |1.2341 |1.1946 |1.1584 [1.1249 |1.0939 |1.0649 |1.0378 |1.0122 |0.9881 |0.9652 | 30 
31 | 2334| 1939) 1578 | 1244] 0934] 0645 | 0374] 0118 | 9877} 9649 | 31 
32 | 2327 | 1933 | 1572 | 1239 | 0929] 0640] 0369] 0114] 9873] 9645 | 32 
33 | 2320 | 1927 | 1566 | 1233 | 0924] 0635 | 0365] 0110] 9869 | 9641 | 33 
34 | 2313 | 1921 | 1561 | 1228 | 0919 | 0631 | 0360 | 0106 | 9865 | 9638 | 34 
35 {1.2307 |1.1914 |1.1555 |1.1223 |1.0914 |1.0626 1.0356 |1.0102 10.9861 [0.9634 | 35 
36 | 2300 | 1908} 1549 | 1217 | 0909} 0621 | 0352] 0098 | 9858] 9630] 36 
37 | 2293 | 1902 | 1543 | 1212 | 0904] 0617 | 0347] 0093 | 9854] 9626 | 37 
38 | 2286 | 1896 | 1538 | 1207} C899 | 0612} 0343 | 0089 | 9850] 9623 | 38 
39 | 2279 | 1889 | 1532 | 1201 | 0894] 0608 | 0339 | 0085 | 9846 | 9619 | 39 
40 |1.2272 |1.1883 |1.1526 |1.1196 |1.0889 |1.0603 |1.0334 |1.0081 |0.9842 |0.9615 | 40 
41 9266 | 1877 | 1520] 1191} 0884 | 0598 | 0330] 0077 | 9838] 9612] 41 
42 | 2959 | 1871 | 1515 | 1186 | 0880] 0594 | 0326] 0073 | 9834 | 9608, 42 
43 | 2252 | 1865| 1509] 1180] 0875 | 0589 | 0321 | 0069 | 9830} 9604 | 43 
44 | 2245 | 1859] 1503 | 1175 | 0870] 0585 | 0317 | 0065 | 9827 | 9601] 44 
45 11.2239 |1.1852 |1.1498 |1.1170 |1.0865 |1.0580 |1.0313 |1.0061 |0.9823 |0.9597 | 45 
46 | 2232 | 1846| 1492 | 1164] 0860] 0575] 0308] 0057 | 9819 | 9593] 46 
47 | 2225] 1840| 1486] 1159 | 0855 | 0571 | 0304] 0053 | 9815 | 9590, 47 
48 | 2218 | 1834] 1481 | 1154] 0850] 0566] 0300] 0049 | 9811 | 9586 | 48 
49 | 2212 |1.1828 | 1475 | 1149 | 0845 | 0562} 0295 |. 0044] 9807 | 9582 | 49 
50 |1.2205 |1.1822 |1.1469 [1.1143 |1.0840 |1.0557 |1.0291 [1.0040 |0.9803 |0.9579 | 50 
51 | 2198 | 1816] 1464] 1138] 0835] 0552 0287 | 0036] 9800 | 9575] 51 
52 | 2192] 1809] 1458| 1133} 0831] 0548 | 0282] 0032] 9796 | 9571 | 52 
53 | 2185] 1803 | 1452] 1128] 0826 | 0543] 0278} 0028 | 9792| 9568] 53 
54 | 2178] 1797 | 1447] 1123 | 0821 | 0539 | 0274] 0024 | 9788] 9564] 54 
55 |1.2172 |1.1791 |1.1441 |1.1117 |1.0816 1.0534 |1.0270 |1.0020 [0.9784 |0.9561 | 55 
56 | 2165 | 1785 | 1436) 1112] 0811 | 0530 | 0265] 0016] 9780] 9557 | 56 
579159" 1779 | L430 1107 | 0806 He 0525 |) 0261.1..0012,) 9777 |. 9553) we 
58 | 2152] 1773 | 1424] 1102] 0801 | 0521 | 0257-0008} 9773 | 9550) 58 
59 | 2145] 1767 | 1419 | 1097 | 0797 | 0516 | 0252} 0004] 9769 | 9546 | 59 


| - |) | | | | - J 
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io ¢\° ‘fo ro ’ ‘190 jo rae [2 Uy 


m.|h. m.|h. m.|h. m.|h. m.jh. -(h. m.{h. m.jh. m. h. m.jh. m.|h. 
20/0 21)0 22/0 23/0 24)0 0 26/0 27|0 28\0 aso 30)) 
0.9542 | 9331 | 9128 | 8935 | 8751 : 8239 | 808] | 7929 y 
9539 | 9327 | 9125 | 8932 | 8748 57 ( 8236 | 8079 | 7926 
9535 | 9324 | 9122 | 8929 | 8745 56 8234 | 8076 | 7924 
9532 | 9320 | 9119 | 8926 | 8742 965 | 8: 8231 | 8073 | 7921 
9528 | 9317 | 9115 | 8923 | 8739 : y 8228 | 8071 | 7919 
.9524 | 9313 | 9112 | 8920 | 8736 ays}; ‘ 226 | 8008 | 7916 
9310 | 9109 | 8917 |} 8733 ; 22 8066 | 7914 

9306 | 9106 | 8913 | 8730 25% 22 8063 | 7911 

9303 | 9102 | 8910 | 8727 ®) : : 8061 | 7909 

9300 | 9099 | 8907 | 8724 21% 8058 | 7906 

9296 | 9096 | 8904 | 8721 oy Sho y 8055 | 7904 

9293 | 9092 8718 . ois : 8053 | 7901 

9289 | 9089 8715 : 8050 | 7899 

9286 | 9086 g 8712 ‘ 36° 8048 | 7896 

9283 | 9083 2 | 8709 ‘ 36- , 8045 | 7894 


Hm Cb e © 


9 ola orm) 


— 


9279 | 9079 8706 | 85: 36 9 | 8043 | 7891 
9276 | 9076 8703 | 8527 5 | 8040 | 7889 
9272 | 9073 2 | 8700 | 852: 94 | 8037 | 7887 
9269 | 9070 | 8879 | 8697 | 852: 91 | 8035 | 7884 
9266 | 9066 8694 8032 | 7882 
9262 | 9063 | 8873 | 8691 | 8516 5 | 8030 | 7879 
9259 | 9060 8688 | 8513 | 8: 8027 | 7877 
9255 | 9057 8685 8025 | 7874 
9252 | 9053 4 | 8682 8022 | 7872 
9249 | 9050 | 8861 | 8679 8175 | 8020 | 7869 
9245 | 9047 | 885’ 76 2 | 8334 | 8173 | 8017 | 7867 
9242 | 9044 | 88: 8170 | 8014 | 7864 
9238 | 9041 8167 | 8012 | 7862 
9235 | 9037 36 8165 | 8009 | 7859 
9232 | 9034 | 88: 323 | 8162 | 8007 | 7857 
9228 | 9031 36 | 20 | 8159 | 8004 
9225 | 9028 | 883! | 318 | 8157 | 8002 
9222 | 9024 | 88: , 8154 | 7999 
9218 | 9021 352 | 84 : 8152 | 7997 
9215 | 9018 9 | 8149 | 7994 7700 
9212 | 9015 / : 8146 | 7992 2 | 7698 
9208 | 9012 8144 | 7989 7696 | 7556 
9205 | 9008 | 88: é 8141 | 7987 | 7837 | 7693 | 7554 
9201 | 9005 8138 | 7984 | 7835 | 7691 | 7551 
9198 | 9002 296 | 8136 | 7981 | 7832 | 7688 | 7549 |: 
9195 5S 3 | 8133 | 7979 7686 | 7547 
9191 8131 | 7976 7684 | 7544 
9188 | § 2 8128 | 79 7681 | 7542 
9185 8125 7679 | 7540 
9181 | 8 34 8123 7820 | 7677 | 7538 |: 

8120 | 7966 7674 

8117 | 7964 | 7 7672 

8115 | 7961 7670 

8112 | 7959 7667 

8110 | 7956 7665 

8107 | 7954 3 | 7663 

8104 | 7951 7660 

8102 | 7949 7658 

8099 | 7946 | 7798 | 7655 

8997 | 7944 | 7796 | 7653 

8094 | 7941 | 7794 | 7651 

8091 | 7939 | 7791 | 6748 

8089 | 7936 | 7789 | 7646 

8086 | 7934 | 7786 | 7644 

8242 | 8084 | 7931 | 7784 | 7641 


0 23/0 260 27/0 2810 29]0 30/0 


ww em Be] ee Or Or Or Or 


-o~ 
SAMO ENOCH E GDH LI| RADE we 3S =a 


7595 119 | 
7593 | 20 | 
7590 |21 | 
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7 - 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


? eT 7 7° 7 Y|° 7° 7/0 71 71° Te 710 7 Tar 
8..2h; m.|h. m.{h. m.|h, m.jh, m.Jh. a m.|h. m.}a. m.|h. m.|h. ab mi. | ss. ee 
32)0 34/0 35/0 36)0 37/0 38)\0 390 40/0 41/0 42)0 43 
0jJ.7501 | 7368 | 7238 | 7112 | 6990 | 6871 | 6755 | 6642 | 6532 ) 6425 | 6320 | 6218 0 
1 7499 | 7365 | 7236 | 7110 | 6988 | 6869 | 6753 | 6640 |.6530 | 6423 | 6319 | 6216 1 § 
2 7497 | 7363 | 7234 | 7108 | 6986 | 6867 | 6751 | 6638 | 6529 | 6421 | 6317 | 6215 2 
3| 7494 | 7361 | 7232 | 7106 | 6984 | 6865 | 6749 | 6637 | 6527 | 6420 | 6315 | 6213 3 
4| 7492 | 7359 | 7229 | 7104 | 6982 | 6863 | 6747 | 6635 | 6525 | 6418 | 6313 | 6211 4 
5|0.7490 | 7357 | 7227 | 7102 | 6980 | G861 | 6745 | 6633 | 6523 | 6416 | 6312 | 6210 a] 
6 7488 | 7354 | 7225 | 7100 | 6978 | 6859 | 6743 | 6631 | 6521 | 6414 | 6310 | 6208 6 4 
7 7485 | 7352 | 7223 | 7098 | 6976 | 6857 | 6742 | 6629 | 6519 | 6413 | 6308 | 6206 7 § 
8] 7483 | 7350 | 7221 | 7096 | 6974 | 6855 | 6740 | 6627 | 6518 | 6411 | 6306 | 6205 8 | 
9 7481 | 7348 | 7219 | 7093 | 6972 | 6853 | 6738 | 6625 | 6516 | 6409 | 6305 | 6203 ) 
10 |0.7479 | 7346 | 7217 | 7091 | 6970 | 6851 | 6736 | 6624 | 6514 |.6407 | 6303 | 6201 | 10 | 
A 7476 | 7344 | 7215 | 7089 | 6968 | 6849 | 6734 | 6622 | 6612 | 6406 | 6301 | 6200 | 11 § 
12 7474 | 7341 | 7212 | 7087 | 6966 | 6847 | 6732 | 6620 | 6510 | 6404 | 6300 | 6198 | 12 | 
13 7472 | 7339 | 7210 | 7085 | 6964 | 6845 | 6730 | 6618 | 6509 | 6402 | 6298 | 6196 | 13 | 
14 7470 | 7337 | 7208 | 7083 | 6962 | 6843 | 6728 | 6616 | 6507 | 6400 | 6296 | 6195 | 14 § 


T 


15 0.7467 | 7335 | 7206 | 7081 | 6960 | 6841 | 6726 | 6614 | 6505 | 6398 | 6294 | 6193 

16; 7465 | 7333 | 7204 | 7079 | 6958 | 6840 | 6725 | 6612 | 6503 | 6397 | 6293 | 6191 
17; 7463 | 7330 | 7202 | 7077 | 6956 | 6838 | 6723 | 6611 | 6501 | 6395 | 6291 | 6190 | 17 | 
18| 7461 | 7328 | 7200 | 7075 | 6954 | 6836 | 6721 | 6609 | 6500 | 6393 | 6289 | 6188 | 18 | 
19} 7458 | 7326 | 7198 | 7073 | 6952 | 6834 | 6719 | 6607 | 6498 | 6391 | 6288 | 6186 | 19 | 
20 |0.7456 | 7324 | 7196 | 7071 | 6950 | 6832 | 6717 | 6605 | 7496 | 6390 | 6286 | 6185 } 20 | 
Yi} 7454 | 7322 | 7193 | 7069 | 6948 | 6830 | 6715 | 6603 | 6494 | 6388 | 6284 | 6183 | 21 | 
22] 7452 | 7320 | 7191 | 7067 | 6946 | 6828 | 6713 | 6601 | 6492 | 6386 | 6282 | 6181 | 22 
}. 23} 7450 | 7317 | 7189 | 7065 | 6944 | 6826 | 6711 | 6600 | 6491 | 6384 | 6281 | B179 | 23 | 
p24) 7447 | 7315 | 7187 | 7063 | 6942 | 6824 | 6709 | 6598 | 6489 | 6383 | 6279 | 6178 | 24 | 
$25 0.7445 | 7313 | 7185 | 7061 | 6940 | 6822 | 6708 | 6596 | 6487 | 6381 | 6277 | 6176 | 25 
} 26) 7443 | 7311 | 7183 | 7059 | 6938 | 6820 | 6706 | 6594 | 6485 | 6379 | 6276 | 6174 | 26 
27| 744i | 7309 | 7181 | 7057 | 6936 | 6818 | 6704 | 6592 | 6484 | 6377 | 6274 | 6173 | 27 

23} 7438 | 7307 | 7179 | 7055 | 6934 | 6816 | 6702 | 6590 | 6482 | 6376 | 6272 | 6171 | 28 
2)| 7436 | 7304 | 7177 | 7052 | 6932 | 6814 | 6700 | 6589 | 6480 | 6374 | 6271 | 6169 | 29 
30 0.7434 | 7302 | 7175 | 7050 | 6930 | 6812 | 6698 | 6587 | 6478 | 6372 | 6269 | 6168 | 30 
}31| 7432 | 7300 | 7172 | 7048 | 6928 | 6810 | 6696 | 6585 | 6476 | 6371 | 6267 | 6166 | 31 |Y 
| 32| 7429 | 7298 | 7170 | 7046 | 6926 | 6809 | 6694 | 6583 | 6475 | 6369 | 6265 | 6165 | 32 
33) 7427 | 7296 | 7168 | 7044 | 6924 | 6807 | 6692 | 6581 | 6473 | 6367 | 6264 | 6163 | 33 
34) 7425 | 7294 | 7166 | 7042 | 6922 | 6805 | 6691 | 6579 | 6471 | 6365 | 6262 | 6161 | 34 
350.7423 | 7291 | 7164 | 7040 | 6920 | 6803 | 6689 | 6578 | 6469 | 6364 | 6260 | 6160 | 35 
36| 7421 | 7289 | 7162 | 7038 | 6918 | 6801 | 6687 | 6576 | 6467 | 6362 | 6259 | 6158 | 36 
37, T7418 | 7287 | 7160 | 7036 | 6916 | 6799 | 6685 | 6574 | 6466 | 6360 | 6257 | 6156 | 37 | 
38| 7416 | 7285 | 7158 | 7034 | 6914 | 6797 | 6683 | 6572 | 6464 | 6358 | 6255 | 6155 | 38 | 
39} 7414 | 7283 | 7156 | 7032 | 6912 | 6795 | 6681 | 6570 | 6462 | 6357 | 6854 | 6153 | 39> 
j 4) (0.7412 | 7281 | 7154 | 7030 | 6910 | 6793 | 6679 | 6568 | 6460 | 6355 | 6252 | 6151 | 40%] 
} 41) 7409 | 7279 | 7152 | 7028 | 6908 | 6791 | 6677 | 6567 | 6459 | 6353 | 6250 | 6150 | 41 
42} 7407 | 7276 | 7149 | 7026 | 6906 | 6789 | 6676 | 6565 | 6457 | 6351 | 6248 | 6148 | 42 
f43| 7405 | 7274 | 7147 | 7024 | 6904 | 6787 | 6674 | 6563 | 6455 | 6350 | 6247 | 6146 | 43 | 
44} 7403 | 7272 | 7145 | 7022 | 6902 | 6785 | 6672 | 6561 | 6453 | 6348 | 6245 | 6145 | 44 


45|0.7401 | 7270 | 7143 | 7020 | 6900 | 6784 | 6670 | 6559 | 6451 | 6346 | 6243 | 6143 | 45 
45| 7398 | 7268 | 7141 | 7018 | 6898 | 6782 | 6668 | 6558 | 6450 | 6344 | 6242 | 6141 | 46 

47} 7396 | 7266 | 7139 | 7016 | 6896 | 6780 | 6666 | 6556 | 6448 | 6343 | 6240 | 6140 | 47 | 
48| 7394 | 7264 | 7137 | 7014 | 6894 | 6778 | 6664 | 6554 | 6446 | 6341 | 6238 | 6138 | 48. 
49| 7392 | 7261 | 7135 | 7012 | 6892 | 6776 | 6663 | 6552 | 6444 | 6339 | 6237 | 6136 | 49 | 


500.7390 | 7259 | 7133 | 7010 | 6890 | 6774 | 6661 | 6550 | 6443 | 6338 | 6235 | 6135 | 50 F- 


_ 
ao Oo 


50 

5i| 7387 | 7257 | 7131 | 7008 | 6888 | 6772 | 6659 | 6548 | 6441 | 6336 | 6233 | 6133 | 51 | | 
52| 7385 | 7255 | 7129 | 7006 | 6886 | 6770 | 6657 | 6547 | 6439 | 6334 | 6232 | 6131 | 52 F . 
53| 7383 | 7253 | 7127 | 7004 | 6884 | 6768 | 6655 | 6545 | 6437 | 6332 | 6230 | 6130 | 53 § | 
54] 7381 | 7251 | 7124 | 7002 | 6882 | 6766 | 6653 | 6543 | 6435 | 6331 | 6228 | 6128 | 54 


| 


55|0.7379 | 7249 | 7122 | 7000 | 6881 | 6764 | 6651 | 6541 | 6434 | 6329 6226 | 6126 55 | 
1 56| 7376 | 7246 | 7120 | 6998 | 6879 | 6763 | 6650 | 6539 | 6432 | 6327 | 6225 | 6125 56 | 
57{ 7374 | 7244 | 7118 | 6996 | 6877 | 6761 | 6648 | 6538 | 6430 | 6325 | 6223 | 6123 | 57 | 
5 


8| 7372 | 7242 | 7116 | 6994 | 6875 | 6759 | 6646 | 6536 | 6428 | 6324 | 6221 | 6121 | 58 
6873 | 6757 j 


——_— | Ss | | SS!) ———— | | |] | 
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; 7 0 7 \0 7 1° 7 
iy. m.jh. m.jh. ‘ " dh. m.jh. m.|h. m.jh. m. 
44'() 45)0 46|0 50\0 51\0 52)0 53/0 54 
6021 | 5925 | 583: 74 D65 “ 393 | 5310 
6019 é 5 26 5476 i 5309 
6017 y : j i 5307 
6016 y y 346 ®) ‘ ; 5306 
6014 ; : je c 5 5305 
6013 | S591 y O73: 4% 2956 386 | 5303 | 5222 
6011 j ae 946 ‘ 5302 | 5221 
6009 y 9090 946° : 5300 | 5219 
6008 ; 3 36 5299 | 5218 
6006 : a ) 46 * 5298 | 5217 
5296 | 5215 
5295 | 5214 
5294 | 5213 
5292 | 5211 
5291 | 5210 
5290 | 5209 | 5129 
5288 | 5207 | 5128 
5287 | 5206 | 5127 
5285 | 5205 | 5125 
5284 | 5203 | 5124 
5283 | 5202 | 6123 
5281 | 5201 | 5122 
5280 | 5199 | 5120 
5279 | 5198 | 5119 
5277 | 5197 | 5118 
5276 | 5195 | 5116 
5275 | 5194 | 5115 
5203 | o1938 ania 
5272 | 5191 | 5112 
5271 | oro0 bia) 
5269 | 5189 | 5110 |: 
5268 | 5187 | 5108 
5266 | 5186 15107 
5265 | 5185 | 5106 
5264 | 5183 | 5105 
5262 | 5182 | 5103 |: 
5261 | 5181 | 5102 
5341 | 5260 | 5179 | 5101 
5340 | 5258 | 5178 | 5099 
5339 | 5257 | 5177 | 5098 
5256 |} 5175 OORT au 
5254 | 5174 | 5095 
5253 | 5173 | 5094 
5252 | 5172 | 5093 
5250 | 5170 | 5092 
5249 | 5169 | 5090 
5583 | 5497 5248 | 5168 | 5089 
5582 | 5496 5246 | 5156 | 5088 
5580 | 5494 5245 | 5165 | 5086 
5579 | 5493 5 | 5244 | 5164 | 5085 
5578 | 5491 5242 
5576 | 5490 22 | 5241 
5575 | 5488 5240 
5573 | 5487 ; 5238 
5572 | 5486 5237 


5235 
5234 
5233 | 
5231 
5311 | 5230 


49/0 5010 52\0 


Or or Or Gr & 
j; Or Or Or Gr Or 
— ee OP 


‘ 


m. 


56 


° 


h. m. 


| ER 


4 1)9o 


h. 
0 
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4/01 
4770 
A769 
4768 
4766 
4765 
4764 
4763 
4762 
4760 


4906 
4905 
4903 
4902 
4901 


4759 
4758 
A757 
4756 
AT54 


4969 
4967 
4966 
4965 
4964 
4962 
4961 
4960 
4959 
4957 
4956 
4955 


4900 
4899 
4897 
4896 
4895 
4894 
4892 
4891 
4890 
4889 


4753 
A752 
4751 
4750 
4748 


320 | 4747 


4746 
4745 
4744 
4742 


4887 | 


4886 
4885 
4884 
4882 


4881 | 4803 | 


4880 
4879 
4877 
4876 
4875 
4874 
4873 
4871 
4870 


4699 
4698 
4697 
4696 
4695 
4693 
4692 
4691 
4690 
4689 
4688 
4686 
4685 
4684 
4683 
4682 
4680 
4679 
4678 
4677 
4676 
4675 
4673 
4672 
4671 
4670 
4669 
4668 
4666 
4665 
4664 
4663 
4662 
4660 
4659 


4629 | 4559 
4628 | 4558 
4626 | 4557 
4625 | 4556 
4624 | 4555 


4491 


490 


4489 
4488 
4486 


4357 
4356 
4355 
4354 
4353 


4554 | 


4552 
4551 
4550 
4549 
4548 
4547 
4546 
4544 
4543 
454% 
4541 
4540 
4539 


4593 

4592 | 4523 
4590 | 4522 
4589 | 4520 


4729 
4728 
4727 
4726 
A724 
4723 
4722 
A721 
4720 
4718 


4658 
4657 
4656 
4655 
4653 


4588 | 4519 
4587 | 4518 


4586 | 4517 ° 


4585 | 4516 
4584 | 4515 


4652 
4651 
4650 
4649 
4648 
4646 
4645 
4644 
4643 
4642 


4582 | 4514 
4581 | 4512 
4580 | 4511 
4579 | 4510 
4578 | 4509 


4577 | 4508 
4575 | 4507 
4574 | 4506 
4573 | 4505 
4572 | 4503 


4640 | 4571 | 4502 


4639 
4638 
4637 
4636 


“Pa35_ 


4633 
4632 
4631 
4630 


1}1 


4570 | 4501 
4569 | 4500 
4567 | 4499 
4566 | 4498 
4565 | 4497 
4495 
4494 
4493 
4560 | 4492 


4485 | « 


4484 
4483 
4482 
4481 


4480 | 4412 


4479 
4477 
4476 
4475 
4474 
4473 
4472 
4471 


4352 


4292 
4291 
4290 
4289 
4288 
4287 
4285 
4284 
4283 


4429 
4428 
4427 
4426 
4425 


— © > 


ny 
~ 


Rear ie 
mH OO MADGe|Pwh 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


110 710 710 710 710 710 710 7 T10 oy 77 


m.|h. m.|h. m.|h m.jh, m.jh. m.}h. m.|h, m.}h. m.,|h, Mi}. a 
10}1 11)1 12}1 13}1 14)1 15}1 16)1 17/1 18|1 19 
4102 | 4040 | 3979 | 391Y | 3860 | 3802 | 3745 © 
4101 4089 3978 | 3919 | 3859 | 3801 | 3744 
4100 | 4038 | 3977 | 3918 | 3858 | 3800 | 3743 
4099 | 4037 | 3976 | 3917 | 3857 | 3799 | 3742 
4098 | 4036 | 3975 | 3916 | 3856 | 3798 | 3741 
4097 | 4035 | 3974 | 3915 | 3856 | 3797 | & 
4096 | 4034 | 3973 | 3914 | 3855 | 3796 
4095 | 4033 | 3972 | 3913 | 3854 | 3795 
4093 | 4032 | 3971 | 3912 | 3853 | 3794 
4092 | 4031 | 3970 | 3911 | 3852 | 3793 
4091 | 4030 | 3969 | 3910 | 3851 | 3792 | ; 
4090 | 4029 | 3968 | 3909 | 3850 | 3792 
4089 | 4028 | 3967 | 3908 | 3849 | 3791 
4088 | 4027 | 3966 | 3907 | 3848 | 3790 
4026 | 3965 | 3906 3847 3789 
3964 | 3905 | 3846 | 3788 
3963 | 3904 | 3845 | 3787 
3962 | 3903 | 3844 | 3786 
3961 | 3902 | 3843 | 3785 
3960 | 3901 | 3842 | 3784 
3959 | 3900 | 3841 | 3783 
3958 | 3899 | 3840 | 3782 
3957 | 3898 | 3839 | 3781 
3956 | 3897 | 3838 | 3780 
3955 | 3896 | 3837 | 3779 
3895 | 3836 | 3778 
3894 | 3835 | 3777 
3893 | 3834 | 3776 
PO02 fb 3963 OTTO 
3891 | 3832 | 3774 
3890 | 3831 | 3773 
3889 | 3830 | 3772 
3888 | 3829 | 3771 
3887 | 3828 | 3770 
3886 | 3827 | 3769 


3885 | 3826 | 3768 
3884 | 3825 | 3768 
3883 | 3824 | 3767 
3882 | 3823 | 3766 
3881 | 3822 | 3765 

3880 | 3821 | 3764 
3879 | 3820 | 3763 
3878 | 3820 | 3762 
3877 | 3819 | 3761 
3876 | 3818 | 3760 


3875 | 3817 | 3759 
3874 | 3816 | 3758 
3873 | 3815 | 3757 
3872 | 3814 | 3756 
3871 | 3813 | 3755 
3812 | 3754 
3811 | 3753 
3810 | 3752 
3809 | 3751 
3808 | 3750 


3807 | 3749 

3806 | 3748 

3805 | 3747 

3804 | 3746 

3920 | ; 3803 | 3746 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


? {o ¢ {0 aro) ° 7 {9 7 [2 mao we Ty 


m.|h. m.|h. m.jh. jh. {he m.|h. m.j|h. m.|h. m.|h. m.|h. m.jh. m. 
20/1 21)1 22/1 25/1 261 27/1 28}1 29)1 Et 31| 

sa04) j.aa10*). 3S 3208 | ; : 3010 
3361 |} 3309 | ¢ SLoIric: ae : 3009 
3360 | 3308 | 3: 3206 3009 
3359 | 3307 | 3% 3205 > | 3008 
aon! | 3306! | -< 3204 ‘ 3007 
33528 > | 3254 | 3204 | : : 5 | 3006 
3357 3253 | 3203 : 3005 
3356 - 3253 | 3202 : = 3005 
gaa0 3252 | 3201 : 3004 
3354 3251 | 3200 3003 
op ee ; Lf 3002 

3352 | 3300 | 3249 | 3198 3001 
3351 | 3300 | 3248 | 3198 3001 
3351 | 339945) tag47) | 3197 | 314 ¢ 3000 
335) | 3298 | 3247 | 3196 2999 
3349 | 3297 | 3246 | 3195 ; ) 2998 
3296 | 3245 | 3194 2997 

3295 | 3244 | 3193 d 2997 

3294 | 3243 | 3193 2996 

3294 | 3242 | 3192 3 | 2995 

3293 | 3242 | 3191 A 2994 

3292 | 3241 | 3190 2993 

3291 | 3240 | 3189 2993 

3290 | 3239 | 3188 30: 2992 

3289 | 3238 | 3188 7 30: 2991 


3288 3187 | ; 308° : 2990 

3288 2% 3186 2989 

3287 3 | 3185 i 86 2989 

3286 3184 é 2988 

3285 3183 é 2987 
3183 | 3133 ‘ é 2986 
3182 | 3132 2985 
3181 | 3131 2985 
3180 | 3130 2984 
3179 | 3129 é 2983 
3178 | 3129 2982 
3178 | 3128 2981 
3177 | 3127 2981 
3176 | 3126 2980 
3175 | 3125 2979 


3225 | 3174 | 3124 2978 
3224 | 3173 | 3124 2977 
3223 | 3173 | 3123 | < 2977 
3222 | 3172 2976 
3221 | 3171 | 3121 2975 
3220 | 3170 | 3120 | ; 2974 
3220 | 3169 | 3119 y 2973 
3219 | 3168 | 3119 2973 
3218 | 3168 | 3118 2972 
3217 | 3167 | 3117 j 9 | 2971 


3166 | 3116 2970 
3165 | 3115 | 2969 
3164 | 3114 2969 
3163 | 3114 2968 
3163 | 3113 2967 


3162 | 3112 | ; 2966 
3161 | 3111 2965 
3160 | 3110 2965 
3159 |.3110 2964 
3158 | 3109 2963 


30 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


~ 


ante) 10 '10 Lana) ‘10 10 f oO 

m.jh. m.}h. m.jh. me m.jh. : ake m.}h. m. 

S4il- -35]k. -36]1 - 37{P 381: | 41/1 42)1 43 
2821 | 2775 | 2730 | 2685 | 2640 3 [2553 | 2510 | 2467 | 2424 
2821 ag 2729 | 2684 | 2640 5 2509 | 2466 | 2424 
282!) 4 | 2729 | 2684 | 2639 51 | 2508 | 2465 | 2423 
2819 | 2773 | 2728 | 2683 | 2638 ¢ 2507 | 2465 | 2422 
2818 | 2772 | 2727 | 2682 | 2638 2507 210 2422 
2772 | 2726 | 2681 | 2637 $37) 2506 | 2463 | 2421 
2771 | 2725 | 2681 | 2636 2505 | 2462 | 2420 
2770 | 2725 | 2680 | 2635 ¢ 9504 | 2462 | 2419 
2769 | 2724 | 2679 | 2635 | < 2504 | 2461 | 2419 
2769 | 2723 | 2678 | 2634 | 2590 2503 | 2460 | 2418 
2768 | 2722 | 2678 | 2633 | 2589 2502 | 2460 | 2417 
2767 | 2722 | 2677 | 2632 | 2588 2502 | 2459 | 2417 
2766 | 2721 | 2676 | 2632 44 | 2501 | 2458 | 2416 
2766 | 2720 | 2675 | 2631 2500 | 2458 | 2415 

| 14 2765 | 2719 | 2675 | 2630 2499 | 2457 | 2415 
H 150.2903 5 2719 | 2674 | 2629 | 2585 2 | 2499 3 | 2414 
2902 33 | 2718 | 2673 | 2629 2498 2413 
2901 2717 | 2672 | 2628 : 40 | 2497 55 | 2412 
2901 2716 | 2672 | 2627 2497 2412 
2900 31 | 2716 | 2671 | 2626 2496 2411 
20 10.2899 5 30 | 2715 | 2670 | 2626 | 25 2495 53 | 2410 
2898 5 2714 | 2669 | 2625 2 2494 | 2: 2410 
2898 | 2713 2624 2494 2409 
2897 2713 2624 2493 2408 
2896 2712 2623 | 25 2492 2408 
2895 MR rae 2622 2492 2407 
9894 2710 2621 2491 2406 
2894 55 | 2710 | 26 2621 2490 2405 
2893 4 | 2709 4 | 2620 2489 | 2: 2405 
2892 5 | 2' 2708 2619 2489 2404 
2891 2 2753 | 2707 2618 25% 2488 4: 9403 
2891 | 2é 2752 |°2707 | 26 2618 2487 2403 
2890 2751 | 2706 2487 2402 
2889 7 2750 | 2705 | 26 2486 43 | 2401 
2888 2750 | 2704 j 2485 43 | 2401 
35 (0.2888 | 2749 5 5 2485 2400 
36| 2887 2748 | 2703 2484 2399 
37| 2886 3 | 2747 | 2702 2483 | 2: 2398 
38| 2885 2747 | 2701 | § 2482 2398 
39| 2884 2746 | 2701 5 2482 | 2439 | 2397 


A 40 |0.2883 37 | 2 2745 | 2700 5 2481 2396 
2883 36 2744 | 2699 23 | 2480 | 2¢ 2396 
2882 2744 | 2698 | 26 2480 2395 
2881 2743 | 2698 2479 2394 
2880 2742 | 2697 , 2478 | 5 2394 
2880 7 2741 | 2696 | 26 ; 564 | & 2477 2393 | 
2879 2741 | 2695 | 26 2477 2392 
2878 2740 | 2695 5 2476 33 | 2391 
2877 2739 | 2694 ; . 2475 | 2 2391 
2876 2738 | 2693 | 26 2475 2390 


. 2876 2738 | 2692 2474 2389 
2875 2737 | 2692 : 2473 2389 
2874 2736 | 2691 9472 2388 
2873 2735 | 2690 2472 
2873 2735 | 2689 5 2 2471 


. 2872 2734 | 2689 5 2470 
2871 2733 | 2688 2470 
2870 y 2732 | 2687 2469 
2869 2732 | 2687 . 2468 
2869 2731 | 2686 ; 2467 


Jom~toafeewec bet ee 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


m.|h. m.}h. m.jh. m.jh. m.jh. m./h. m.|h. Msih. ,gmagh- 
44jt 45|1 46i147|t 481 agit soft Salt ait 
"2382 | 2341 | 2300 | 2269 | 2218 | 2178 ] 2139 | 2099 | 2061 
238: | 2340 | 23 | 2218 | 2178 | 2138 | 2099 | 2060 
2381 | 2339 2217 | 2177 | 2137 | 2098 |MBosg 
2380 | 2339 2216 | 2176 | 2137 | 2098 | 2059 
2380 | 2338 | 2297 | 2256 | 2216 | 2176 | 2136 | 2097 | 2058 .| 198i | 1943 


2379 | 2337 2 i 5 | 2215 D> | 2136 | 2096 | 2057 | 1981 | 1943 
2378 | 2337 > | 2214 4 | 2135 | 2096 | 2057 1980 | 1942 
2378 | 2336 é 4 | 2214 | 2174 |. 2134 | 2095 | 2056 1979 | 1941 
2377 | 2335 29< 25 2213 2134 | 2094 | 2055 1979 | 1941 
2376 | 2335 28 é 2212 2133 | 2094 | 2055 1978. | 1940 
2375 | 2334 | 2 2252 | 2212 | 2172 | 2132 | 2093 | 2054 > | 1977 |-1939 
2375 | 2333 2251 | 2211 | 2171 | 2132 | 2092 | 2053 1977 | 1939 
2374 | 2333 2251 | 2210 | 2170 | 2131 | 2092 | 2053 1966 | 1938 
2373 | 2332 2250 | 2210 | 2170 | 2130 | 2091 | 2052 1975 | 1938 
2373 | 22331 2249 | 2209 | 2169 | 2130 | 2090 | 2052 1975 | 1937 
0.2372 | 2331 2249 | 2208 | 2169 | 2129 | 2090 | 2051 QZ [<9974 161936 
2371 | 2330 2248 | 2208 | 2168 | 2128 | 2089 | 2050 1974 | 1936 
2371 | 2329 2 2247 | 2207 | 2167 | 2128 | 2088 | 2050 1973 | 1935 
2370 | 2328 , 2247 | 2206 | 2167 | 2127 | 2088 | 2049 1972 | 1934 
2369 | 2328 y 2246 | 2206 | 2166 | 2126 | 2087 | 2048 1972 | 1934 


»2368 | 2327 2245 | 2205 | 2165 | 2126 | 2086 | 2048 | 2009 | 1971 | 1933 
2368 | 2326 | 2285 | 2245 | 2204 | 2165 | 2125 | 2086 | 2047 | 2009 | 1970 | 1933 
2367 | 2326 | 2285 | 2244 | 2204 | 2164 | 2124 | 2085 | 2046 | 2008 | 1970 | 1932 
9366 | 2325 | 2284 | 2243 | 2203 | 2163 | 2124 | 2085 | 2046 | 2007 | 1969 | 1931 
9366 | 2324 | 2283 | 2243 | 2202 | 2163 | 2123 | 2084 | 2045 | 2007 | 1968 | 1931 


2365 | 2324 | 2283 | 2242 | 2202 | 2162 | 2122 | 2083 | 2044 5 | 1968 | 1930 
9364 | 2323 | 2282 | 2241 | 2201 | 2161 | 2122 | 2083 | 2044 1967 | 1929 
9364 | 2322 | 2281 | 2241 | 2200 | 2161 | 2121 | 2082 é 1967 | 1929 
9363: | 2322 | 2281 | 2240 | 2200 | 2160 | 2120 | 2081 ! 1966 | 1928 
9362 | 2321 | 2280 | 2239 | 2199 | 2159 | 2140 | 2081 ; 1965 | 1928 


0.2362 | 2320 | 2279 | 2239 | 2198 2119 | 2080 1965 | 1927 
9361 | 2320 | 2279 | 2238 | 2198 2118 | 2079 1964 | 1926 
9360 | 2319 | 2278 | 2237 | 2197 ; 2118 | 2079 1963 | 1926 
2359 | 2318 | 2277 | 2237 | 2196 9117 | 2078 1963 | 1925 
2359 | 2317 | 2277 | 2236 | 2196 > | 2116 | 2077 1962 | 1924 


510.2358 | 2317 > 1.2235 | 2195 55 | 2116 | 2077 ; ; 1924 
9357 | 2316 2235 | 2194 9115 | 2076 ( 1923 
2357 | 2315 ‘ 9234 | 2194 9115 | 2075 ¢ 1923 
9356 | 2315 2233 | 2193 2114 | 2073 O¢ j 1922 
9355 | 2344 3 | 2233. 1.2192 2113 | 2074 : 192] 
62355 |.2313 2232 | 2192 9113 | 2073 : j is 1921 
2354 | 2313 2231 | 2491 9112 | 2073 1920 
9353 | 2312 2231 | 2190 2111 | 2074 1919 
9353 |.2311 2230 | 2190 9111 | 2072 : 1919 
9352 | 2311 2229 | 2189 9110 | 2071 1918 

0.9351 | 2310 | 2269 | 2229 | 2188 : 2109 | 2070 
2350 | 2309 | 2268 | 2228 | 2188 d 2109 | 2070 
2350 | 2309 } 2227 | 2187 2069 
2349 | 2308 : 2227 | 2186 2068 
2348 | 2307 y 2226 | 2186 16 2068 

0.2348 | 2307 266 | 2225 | 2185 2067 
2347 | 2306 26 2225 | 2184 2066 
2346 | 6305 ; 2224 | 2184 
2346 | 2304 2 2223 | 2183 
9345 | 2304 2223 | 2182 


2344 | 2303 | 2262 | 2222 | 2182 
2344 | 2302 | 2262 | 2221 | 2181 
2343 | 2302 | 2261 | 2220 | 2180 
2342 | 2301 | 2260 | 2220 | 2180 
2342 | 2300 | 2260 | 2219 | 2179 


47}1 481 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


m.|h. m. 


2 


1761 1689 1584 | 1549 
1 | 1760 | 1724 | 1689 | 1653 | 1618 | 1583 | 1548 
2 (1760 | 1724 | 1688 | 1652 | 1617 | 1582 | 1548 
3 1795 | 1759 | 1723 | 1687 | 1652 | 1617 | 1582 | 1547 
4; 1906 | 1868 1795 | 1759 | 1722 | 1687 | 1651 | 1616 | 1581 1547, 
5 0.1905 | 1868 1794 | 1758 | 1722 | 1686 | 1651 | 1616 | 1581 | 1546 
6| 1904 | 1867 1794 | 1757 | 1721 | 1686 | 1650 | 1615 | 1580 | 1546 
7| 1904 | 1867 1793 | 1757 | 1721 | 1685 | 1650 | 1614 | 1580 | 1545 
8| 1903 | 1866 | 1792 | 1756 | 1720 | 1684 | 1649 | 1614 | 1579 | 1544 
9} 1903 | 1865 1792 | 1755 | 1719 | 1684 | 1648 | 1613 | 1578 | 1544 


10 |0.1902 | 1865 
11; 1901 | 1864 
12] 1901 | 1863 
13} 1900 | 1863 
14} 1899 | 1862 


15 |0.1899 | 1862 
16| 1898 | 1861 
17; 1898 | 1860 
18} 1897 | 1860 
19} 1896 |} 1859 


20 [0.1896 | 1859 

21) 1895 | 1858 
22] 1894 
23| 1894 
1893 


-1893 
26] 1892 
27| 1891 

28} 1891 
429} 1890 


30 |0.1889 
31) <1889 
32| 1888 
33| 1888 
34} 1887 
35 |0.1886 
36} 1886 
37| 1885 
38} 1884 
39| 1884 


40 |0.1883 
41) 1883 
42] 1882 
43) 1881 
44} 1881 
45 |0.1880 

46| 1880 
47| 1879 
48| 1878 
49| 1878 


1613 | 1578 |, 1543 
1612 | 1577 | 1543 
1612 | 1577 | 1542 
1611 | 1576 | 1542 
1610 | 1576 | 1541 


1791 | 1755 | 1719 | 1683 | 1648 
1791 | 1754 | 1718 | 1683 | 1647 
1754 | 1718 | 1682 | 1647 
1753 | 1717 | 1681 | 1646 
1752 | 1717 | 1681 | 1645 
1752 | 1716 | 1680 | 1645 
1751 | 1715 | 1680 | 1644 
1751 | 1715 | 1679 | 1644 
1750 | 1714 | 1678 | 1643 
1749 | 1714 | 1678 | 1643 


1743 | 1707 | 1671 | 1636 

1742 | 1706 | 1671 | 1635 
1742 | 1706 | 1670 | 1635 
1741 | 1705 | 1670 | 1634 
1740 | 1705 | 1669 | 1634 
1740 | 1704 | 1668 | 1633 
1739 | 1703 | 1668 | 1633 
1739 | 1703 | 1667 | 1632 
1738 | 1702 | 1667 | 1631 
1737 | 1702 | 1666 | 1631 
1737 | 1701 | 1665 | 1630 
1736 | 1700 | 1665 | 1630 
1736 | 1700 | 1664 | 1629 
1735 | 1699 | 1664 | 1628 
1734 | 1699 | 1663 | 1628 
1734 | 1698 | 1663 | 1627 
1733 | 1697 | 1662 | 1627 
1733 | 1697 | 1661 | 1626 
1732 | 1696 | 1661 | 1626 
1731 | 1696 | 1660 | 1625 


1595 | 1561 | 1526 
1595 | 1560 | 1526 
1594 | 1559 | 1525 
1593 | 1559 | 1524 
1593 | 1558 | 1524 


1592 | 1558 | 1523 
1592 | 1557 | 1523 
1591 | 1556 | 1522 
1591 | 1556 | 1522 
1590 | 1555 | 1521 


5) [0.1877 1731 | 1695 | 1660 | 1624 | 1589 | 1555 | 1520 
51 1876 1730 | 1694 | 1659 | 1624 | 1589 | 1554 | 1520 
1 52| 1876 1730 | 1694 | 1658 | 1623 | 1588 | 1554 | 1519 
53} 1875 1729 | 1693 | 1658 | 1623 | 1588 | 1553 | 1519 
54] 1875 1728 | 1693 | 1657 | 1622 | 1587 | 1552 | 1518 
55 '0.1874 1728 | 1692 | 1657 | 1621 | 1587 | 1552 | 1518 
56; 1873 1727 | 1692 | 1656 | 1621 | 1586 | 1551 | 1517 
57! 1873 1727 | 1691 | 1655 | 1620 | 1585 | 1551 | 1516 
58, 1872 1726 | 1690 | 1655 | 1620 | 1585 | 1550 | 1516 
59| 1871 1725 | 1690 | 1654 | 1619 | 1584 } 1550 | 1515 


_——— | | | | FY | 


TABLE XXXIV. 


* 
PROPORTIONAL LOGARITHMS. 


(e) / 


Lio 110 710 "10 t O , I° t jo t{o 10 Te) , aA 

a: h mites mah. miuhi minh’ mgs mjh omih mith. mhs mijh? mj. mih.” m Ss. 
2 8\2 912. 10)2., 1AjB~ 12)2- 13/2- 14/2: 1512°. 162°. 17/2 - 18/2 19/2°. 20 
Q |0.1481] 1447} 1413 1347}. 1314) 1282) 1249) 1217] 1186| 1154) 1123] 1091 
1 1480} 1446} 1413 1314) 1281) 1249] 1217] 1185} 1153] 1122] 1091 
2 1479) 1446) 1412 1346]. 1313) 1281) 1248) 1216) 1184] 1153] 1122) 1090 
3 1479) 1445) .1412 < 1313} 1280) 1248) 121¢] 1184] 1152} 1121] 1090 
4 1478| 1445} 1411 1312) 1280).1247) 1215) 1183) 1152} 1120} 1089 
5 |0.1478} 1444) 1411 1344) 131)]| 1279) 1247) 1215) 1183] 1151] 1120] 1089 
6 1477} 1443] 1410 1344) 1311] 1278) 1246) 1214) 1182} 1151] 1119] 1088 
7 1477) 1443} 1409 1343} 1310) 1278) 1246) 1214] 1182/°115c] 1119} 1088 
8. 1476) 1442" 1409 1343) 1310) 1277} 1245) 1213! 1181} 1150].1118] 1087 
g 1342) 1309) 1277) 1245) 1213) 1181] 1149} 1118] 1087 


1342) 1309) 1276) 1244) 1212) 1180] 1149} 1117] 1086 
1341) 1308) 1276; 1243) 12113) 1180} 1148) 1117} 1086 
1340} 1308) 1275) 1243) 1211) 1179; 1148) 1116) 1085 
1340} 1307) 1275) 1242) 1210] 1179) 1147) 1116} 1085 

(307) 1274, 1242) 1210) 1178) 1147) 1115) 1084 
1339) 1306) 1274) 1241) 1209) 1178] 1146) 1115] 1084 
1338) 1306) 1273) 1241) 1209} 1177) 1146] 1114) 1083 
1338) 1305) 1273) 1240) 1208) 1177) 1145] 1114) 1083 
1337} 1304) 1272) 1240) 1208) 1176) 1145} 1113] 1082 
1337) 1304) 1271) 1239) 1207) 1175) 1144] 1113) 1082 


7336] 1303] 1271] 1239] 1207] 1175] 1143] 1112} 1081 

1335| 1303] 1270] 1238] 12061 1174] 1143] 1112] 1081 

1335] 1302) 1270) 1238] 1206] 1174] 1142] 1111] 1080 2 
2 


1334| 1302) 1269} 1237] 1205) 1173} 1142) 1111) 1080 
1334) 1301] 1269) 1237] 1205) 1173) 1141} 1110) 1079 
1333) 1301; 1268) 1236] 1204) 1172] 1141) 1110) 1079) 25  § 
1333) 1300] 1268) 1235] 1204] 1172} 1140) 1109) 1078) 26 
1332 1300) 1267) 1235) 1203) 1171] 1140) 1109) 1078). 27 
1332 1299) 1267) 1234) 1202) 1171} 1139} 1108) 1077} 28 
133] 1298) 1266) 1234) 1202) 1170) 1139) 1108) 1076) 29 


133] 1298) 1266) 1233) 1201) 1170) 1138] 1107) 1076) 30 
1334 1297) 1265) 1233) 1201) 1169} 1138) 1106} 1075) 31 
1329 1297) 1264) 1232) 1200) 1169} 1137) 1106} 1075) 32 
132) 1296) 1264) 1232} 1200) 1168) 11387) 1105) 1074] 33 
1323) 1296/ 1263) 1231) 1199) 1168) 1136) 1105) 1074) 34 
133) 1295] 1263) 1231] 1199) 1167} 1136] 1104) 1073] 35 
134) 1295) 1262) 1230) 1198} 1167) 1135] 1104) 1073) 36 
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Nore—The Amplitudes in this Table are expressed in degrees and tenth parts of degrees and 
to turn those tenths into minntes, we multiply them by six, which will give their value in minutes. 
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AMPLITUDES, 


DECLINATION. 
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TABLE XXXVI. 


THE FOLLOWING TABLE CONTAINS EXTRACTS FROM THE NAUTICAL ALMANAC 
FOR THE YEAR 1854, FOR THE PURPOSE OF WORKING OUT THE 
EXAMPLE GIVEN IN THIS WORK TO SUIT THOSE WHO 
MAY NOT HAVE AN ALMANAC AT HAND. 


THE SUN'S RIGHT ASCENSION, DECLINATION, &e. 


Day of Month.|Ap. R. Ascen, Dif. 1 Hr. App. Declination] Dif. 1Hr| Semid. | Equa. of Time. |Dif. 1 Hr. 


rot as tat owt de ” NY, 


Jan. 20 20 7 388 S.| 33 16 17 
iz 21 19 54 26 S.| 33.9 | 16 17 
“3 25 18 57 58 S.} 37.5 

18 42 58 S.| 38 
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224 ' TABLE XAXAVI. 
&c. 
Day of Month.) Ap. R. Ascen. |Dif.1 Hr.|App. Declination] Dif. 1 Hr Semid| Equa. of Time. |Dif. 1 Hx. 


THE SUN'S RIGHT ASCENSION, DECLINATION, 


oY it, cae S. ae oF fa Par® M. 5S. 

SEpT. ] 8 19 I8 N.| 54 
’ 6 6 28 51 N.| 56 — 1 41.97|°0.841 | 
é i 6 6 26N.| 56 mea SL BE ee 
+ 24 026 08.) 58 — 7 57.03 .).).854 
“ 25 0 49 26 8.| 58 ae SEEKS 848 
“ 26/12 11 12 9° 1 12 52 S.| 58 — 8 37.87] 840 
“ 27 | 12 14 48 9 1°86 17 S.| 58 — 8 58.04] 832] 
i. 223 5S.) “58 — 9 87.78) -814 
a 4.30 2 46 27 S.| 58 — 9 57.32] 803 | 

Ocr. | 8|12 36 81 9 — 10 54.34) » "167 
Cette) 10.46.09 9 1119-744 48 
c 5112 43 47 9 — 11 30.80] 788 
¢ 9 6 14 42 S.| 57 — 12 39.01| 669. 
Ke 10 6 37 30 S.| 57 — 12 55.18| 647 
i 20 10 19 47 S.| 53 416 6} —15 5.771] 406 
‘ 21 | 10 41 18 S.| 53 1166] —15 15.49] 378 

Nov. | 27 317-8 9498. | 27 — 12 12.25} 842 
‘ 28 21 19 21 S.| 26 — 11 52.04 71 

Dec. 5/16 46 36 11 — 9 12.43) 1.049 
6|16 50 58 11 | — 8 47.26) 1.071 


YEAR 1851. 


Aprit 14| 1 28-37.65 | 9.217 0 22.71 | 0.637 
1 32 18.87 | 9.232 0 7.42 625. 
6 59 47.73 | 10.275 4-17.99 418 
7 3 54.54 4 28.2 402 
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THE MOON’S RIGHT ASCENSION, DECLINATION, 


DECLINATION. MERID. 


NOON | MID. | NOON] MID. NOON MID. NOON MID. PASS. 


Eee a ee Sees 2 Se 


/ ut , tt / tr 4? gs Oo / ‘t (e) e 2; 
Fes. % 14 46 46| 14 46) 54 4 8 54 7 25 17/23 28 49 N 24 28 15.N 
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23 53 2351 2.8 
20 53 47 22 19:53 S 
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TABLE XXXVI. 
| YEAR 1851. 
THE MOON’S RIGHT ASCENSION, DECLINATION, &c. ou 
SEMID. HOR. PAR. R. ASCENSION, | H. DECLINATION, DF. 10M. MERID, 


NOON | MID. | NOON MID. | NOON | MID. NOON MID. |MER. PAS. | 


Byte re Olle tse bt. i. 
Aprin 14 113) 0 26 21.6 S| 133.33) 11 17.9 


“A Bik 16 25 (14) 0 39. 41.65 41.6 S| 133.22 12.10.97 | 


I Jury 6/15 59/15 55/58 39.6/58 24.8 piles 31 56. 56.5 S| 122.831 6 405 
| 7 32.0 | 
THE PLANETS 1854. | 


MERID. PASSAGE.| RIGHT ASCENSION, DECLINATION. 
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fii ft re) 
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Jurvm. E, - {111 46 12] .2618 | VI. |100 7-41]. .2601 | 
Sun j . | 100 
Sun \ NV, 101 
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92 17 18] 8285 
+B 90 51 50] .8250 43 
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Nieiaay 0 GAL DERE . | 85 38 28] 2362 | XV.| 88 53 59 2378 | 


Frsruary 7 Sun W.] noon | 117 47 51 3488 HE 3 119 8 28] 8 89 | 


STAR'S RIGHT ASCENSION AND DECLINATION, 1851. 


H. M. & Oe 45 gf 


| SPICA, Rieut Ascension. 13.17. 22 DECLINATION 10-2355 ee, 
ARCTURUS, f “ | 14 8 53 “+ 19 57 43.N. 


TABLE XXXVI. 
APPROXIMATE VARIATION OF THE COMPASS. 


WEST LONGITUDE. 
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TABLE XXXVIL. 
APPROXIMATE VARIATION OF THE COMPASS. 


EAST LONGITUDE. 
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EAST LONGITUDE. 


TABLE XXXVIII. 
CONTAINING THE TIDE HOURS, OR THE TIMES OF HIGH WATER. 


PLACES. TIME |RANGE 
Mob. 38, 
Geby I.. d= 
George, St. sh. 10 30| 7 
Georgetown ..| 7 0| 4 
Gheriah..... 6 


Gibraltar .. ; 


2-20 
Glasgow...... 1 25 
Gloucester ...} 1 30} . 5 
Goa. 11 45]. 5 
Good Hope, C}3 0 
Good Success .| 4 38) 9 
Goree .......| 7 48} 4 
Gracias, C. ...|10 30) 2 
Grand, Port . |. 14 
Granville x ..-| 6.18/37-17 
Greenock ,...{/12... 8)10-6 
Guasco .....-. 8 30). 5 
Guatuleo..... 1. 80).:.5 
Guaymes.....| 8 03) 6- 
Guernsey ....| 6 30) 35 
Gun Cay..... it 3 
Guayaquil....| 7 Ojl1- 
Haarlem. 9 0 
Hague.:......| 7 45) 21 
Hakluyts Hd..} 1 30) 4 
Halifax, ..... 7 39). 8 
Hamburgh ...| 5 0 
Hammerfest..| 1 10) 9 
Hardy, Port .| 8 0} 12 
Hartlepool ...| 8 2815-8 
Harwich...... O  6|11-7 
Hastings, St.M.}10 40)13- 
Hatteras, C...| 9 0} -5 
Havana...... 3 
Havre .. «| 9 51/22-12 
Haytien, Gi, 6, ;-Of 78 
Heligoland...|/11 0} 9 
Helena, St. B.. 2 30 f 
neh SI ae tae Set aco 
Henlopen, C..! 8 0} 4-3 
Henry, C.;.... + 7 40) 4 
Heradura,....| 9 8 5 
Hillsboro’ Inlet} 7 30) 5 
Hobarton ....| 8 O| 4 
Hokianga ....| 9 80} 9 
Holmes’ Hole.}11 48} 2-1 
BIONY Loo. suas 30] 15 
Holyhead . . 0 26/16-8 
Honduras big 1 
Honfleur . 9 30] 13 
Hong Ko..... g- 
Houtman’s Abj11_ 30) 2 
Honoruru . irr. 2 
MAOrt, Uys. as 5 4 40} 9 
Hawe, ©... ..'. 9 O| 6 
Huacho...... 4 441 3 
Bs Se ona hl kon 6. 29)22-13 
| Hunter, Port../10 45] 6 
Ilfracombe ...| 5 45/82-138 
PERI ea ans oie irr, |12—4 
Inhamban:,..J 4 15} 10 
Inverness ....|12 18/12-7 
Iquique.. ...| 8 45) 5 
UO ee 8 53) 7 
i Ives, St. 4 44/21-10 
Jacinto .. 6 30] 6 
Jask B.... 6 O| 6 
Jericoacoara. .j11 30] 12 
1 Cee 6 8033-14 
Jervis........| 6 45) 6 
Jiddah.......| ir. 2 
Johania......| 8 80] 8 


John’s, St. N. F} 7 30) 7 


ak par arses 11 16] 6-5 


PLACES.. TIME, |RANGE PLACES, TIME. |RANGE PLACES,  |TIME. |RANGE 
H.M. | FT. H.M. | FT. H.M.| FT. 
John’s, St. N.BJ11 23)23-17] Malaga....... 12. 0} 38 °©|New London.| 9.30} 5-2 
Joseph, St.....| 5 0} 8 | Maldives..... 3. 0} .4 >| Newport.....| 7 45) 6-3 
Juan, St. P. R.. 8 20) 14 | Malo, St...... 6 .5|35-17]N. Providenee| 7 30} 4-8 
— Peru...... 5 10} 3. | Malpelo P 4 0| 10 |[N. York ity 8 37} 6 
— de Nova... 5< i] Manila;. 2.4... irr. 3 | Nicholson. . 416) 6 
Julian..... 10 45) 80 | Man-of-War Nacoya. . . Fm 2 56) 10 
Cavs o£} 8 10} 4 |Ninepin Is..../10 0} 5 
| Karakakoa B...| 3 49 Manukau .....}:9 80} 12 {Noirmoustier.| 8  2/17-16 
Katwyk .....| 2 80) 5° |Maranbamn ...| 7 0| 18 |Nore Light ..|12 80\14- 
Kedgeree ,...|11.30 ' | Marblehead ../11 30} 12 [Norfolk I....|-7 45) 7 
Keeling......| 4 0} 5 Marcouf, St...) 9 55} 20 | Noss Bey. ...,.}:5, OLsE5 
Kelung.. 3.5... 10 30) 8. | Marosse......| 4 0) 5 |NeuvaG.....1 7 10} 10. 
Kilduin. ;.....| 7:.0|..12-] Martaban.....| 2 20) 21 
Kalrush,. s.... 4 42) 16 Martin, Cove 8 50! 8 Ocraecocke ...| 9 O 
Killibeg .....| 6 45 Martin Vas ..| 8 45 Old Pt. Comft.| 8 27) 4 
King G’s Sd..| irr 8 | Mary, St..C. N. — Providence} irr. | 1? 
King’s: 1.73}... UT, shid® Seotia......| 9 80} 16 FOleron.....,.| 350) 19 
| Kingston ....{11 10)11-6 | Matheson Harj1y 30; 17 [| Oporto......) 2 80/10- 
Kinaale..#.).<- 4 43)11-7 | Massowah.,..| 1 0}. 38 | Orange B....| 8.80) 5 
Kish Dt. ¢ 2)... 10 30} 10° | May, @....... 8.19} 6-4 | Ostend.:.... 0 20/19~15 
Kishm J....../11 0} 12 | Mayotta..... 5.45; 11 | Otago.......) 3 20) 9 
Kracatoa.....| 7 O|..4 | Mazatlan,....| 9 40} 34 | Otaheite.. noon} 1 
Kuria Muria..| 8 20} 6 | Mazeira....../10 48). 5 Otway, Port..jnoon | 6 
Kykduin.....| 7 0} 12 | Meichow...../12 30|17- 
Melinda......|.4 15} 11. | Padstow.....| 4 40/22-16 
Lagos, Afr....| 4 0}. 6 |Mergui...... 11 30\21— | Palmas C. ¢..} 6 30) 6 
— Portugal ..| 2 7) 18 | Merjee......./11 0}. 7 [| Palmiras Pt...|.9 30}11-7 
Lambeyeque..| 4 0} 3 |Miatau....... 7 Panama..... 3.9 
Liamoyg fi... 4 6) .11 | Michael, St. Azij12 30). 6 Paposo.s..2.| 940) 5 
Latham.. 4 0} 10 | Michel......,. Parait. tinue 132.0) +34 
Eapiths:..: tb veee 2 1716-7 | Milford Haven), 5 45) 22 |— Entr....../10 0 
Lerwick......| 9 45} 8 | Mindanao, S.pt. 1 0} 6 | Passamaguod.j11 80} 25 
Letibu R.....|10 80) 5 | Mingan.......{| 1:80) 7 [| Passandava..| 5 0} 15 
Limerick.....|. 7 68): 17 >| Min R.. 2. ..../10:15/19-— : | Patta..2 .... 4 80} 10 
Lindy ... 4 30 12 |Minow L..... GO XO | Paytas. ¢ 4% 2 38.20) 3 
Tintim, ..¢.... 12 0} 8 {Mira por vos..| 9 30) 38 | | Pearl Cays 2 0} 2 
Lisbon’. ......,| 455 © Mississippi . 14. | Peiho Re... 3 30) 7 
Liscombe ... 4-4 |Mobile.... 2- | Pelew Is..... 6 
Liverpool ....j11 16)95-14}] Mocha....... +> T Penn... xs 4 15) 12 
Loando.. 4 30) 6 |Mogador.....| 2 0; 10 | Pembroke...| 6 12)21-10 
Lobii@ssg'e. 2 20| 5 {| Molucea Is.... 3 | Penang .....} 215) 8 
Loheia.... 1 30| 8 |Mombaza....) 4 0} 11 [| Pefias C.....| 642) 12 
Loire, B. mo..} 3 45} 19 |Monganui....) 7 50) 8 [| Peniche..... 1 54 
Lomas....... 8 19} 5 |Monomy...... 11 80) 6 | Penmare’h...} 3 16 
Lombock... q Monterey ....| 7 30 Pensacola ... 2 
London Bridge| 2 7| 18— | Monte Video. .| irr, Pentland Sker| 8 50} 8-3 
Loo Choo, Vap| 9 0| 9 |Montrose..... 1 3018- | Pernambuco .| 4 23) 6 
Lopez, C. ....| 4 30 Monts, de.....|12 0) 12 | Peros Banhos.}| 1380) 5 
L’Orient .. 3 41] 20 |Morebat ..... 9 0} 6 | Peseadores ..|10 30) 9-4 
Los Is.de ....| 6 35/17-13] Moreno....... 110 0} 4. | Peterhead....| 0 48/11-6 
Lotieab ort. cel tooo Morlaix...... 4 5324-12! Philadelphia.| 1 22) 7-4 
— Falk. ..... Bo. OL. oa | Mossel Bis oa5 pie retire 22 PR pes es hes 020) 8 
Low, Port....}| 0 40} 7 | Mount Desert.|11 10; 18 | Pichidanque .| 9 20) 5 
Lowestofft ...| 9 51| 8-4 | Mourandova...| 4 45) 12 [Pillar C...... 1 0} 6 
ucages a. ss Ss 9 20} 9 |Mozambique..| 4 15) 12 | Pisco....... 450) 4 
pirat os Ra 5 1527-13] Mugeres ..... 9 30} 14 | Placentia.. 915) 8 
Musai. eae 5 Plettenburg. . {hei 0laee 
Macan...... fan). 0° 52)...8 Plymouth, U. S}11 30} 11 
Macowa I.....|12 30} 2 |Nagore...... 8 15% 8 {| Pomba...... 4 015-7 
Machias...... TL ;..0).12 . | Nancowry>..) 9515, 29Be ti Boole.... 7... +’. 9 30) p—2 
Macquarrie...) 7 30} 3 {Nangasaki....} 7 52) 9-1 | Portland, U.Sj11 10) 12 
Madame ..... £,: OLstees PINanke couse: 12 | Porto Rico...| 8 80) 1 
Madeira ..... 12 48) 7 Nantucket ShlJ10 44 Port Royal ..| 5 46) 6 
Madras ...... 7 34) 8 |Napakeang...| 6 80) 7 | Portsmouth, ‘11 41] [12-6 
Magadoxa....| 4 30} 8 | NareendaB....| 4 30| 15 |—U.S...... 11 30) 10 
Magalhaen’s St - | Nassau ...... 7 30| 4-3 | Post Off. B 210! 6 
eae ame.) 8 56) 46) stilatal: ..% 2. ee 10 0 Pouinipet ...| 6 0} 44 
Mahé I. ..... 3 45] 6 Negapatam.../ 5 0% 8 Praya .<sees 0 One5 
Mahon. i. sfess 9 37| 6-4 | Negro R...... 11 0) 14 !' Puget Sound.| 6 0} 18 
Magnetic J..../ 3 10] 12 |Nelson....... 9 QO} 11 [| Pulicat Shoals} 9 25) 3 
Majambo ....| 4 30| 16 |New Bedford.| 7 55] 5-4 
Magdalena B..| 7 35| 6 |Newburyport./11 15] 10 [Quail I...... 4 0) 5 
Magdalen Is..| 8 20} 3 {New Calebar..| 5 30] 8 | Quebec.....) 6 380) 17 
Makumba....| 4 45] 17 | Newhaven ...\11 9/19-14] Quentin St...| 9 5) 5 
Malacca ..... 9 15] 8- OUUICE, sae core 8 O| 6 


230 TABLESXX XVIII. 
CONTAINING THE TIDE HOURS, OR THE TIMES OF HIGH WATER. 


PLACES. TIME. |RANGE PLACES. TIME. [RANGE PLACES. TIME. |RANGE PLACES TIME. [RANGE 
H.M.| FT. H.M. | FT. H.M.| FT, H.M. | FT. 
Quillimane....| 4 15) 16 {Sta. Maria Is. .|10 20) 6 |Surat........ 4 15} 30 | Ushant. ....| 3 32/19-8 
COU s 5 o's s > 4 45) 12 |[Saperuah B... 6 ‘|Surinam ..... Baa AG 
Saugor I. .... 12 |Swan R....../ 8 50] 2 | Valdivia ....|fo 35) 5 
Rachado C....| 5 80)18- [Savannah ....1 7 15) 84 |Swansea......| 5 36/30-15] Valentia ..;.) 3 45/17-7 
Ragged I......} 8 10) 3- Santander....| 3.30 Sydney.......| 7 36) 6 Valparaiso ..| 9 32} 5 | 
— Pt. Borneo. 7  |Scarborough. .} 4 12/18-10|— Bret.I....) 9 0} 6 | Vera Cruz...) irr. | 3 § 
Raine I... 8 O10- |Searbet L....| 1 30} 10 Verd Oy. Saud 1 @) 84 
Rajahpoor..../11 0} 12 |Sea Bear B,../12 45) 20 |Table B....../ 2 30/ 5 | Versavah....|12 15} 16 
} Rangoon .....| 5 30/20-14] Sebast. St.....] 2 0/ 4 |Tae-Chow Is..}10 0} 15 {| Vincent, Port] 8 10] 5 
Ras el Khymajll 0] 7 [Second Bar...} rr. | 7 | Taleuhuano.../10 14/ 5 | Vingorla....{10 30] 6 
Realejo...... 8 611— [Sein I.......) 3 2117-7 | Tamar.......| 3 5) 5 | Virgin's C,...) 8 50) 38 
Rendezvous I. 8 |Selsea Harb...|11 45)14-5 | Tamareed....| 7 20} 8 
Resolution Bay Senegal....../10 30) . Tamatave....| 4 18} 8 |Wahaay....16 0] 38 
Margi)... <% 5-801) 4c | Serranaginies 2 2 |Tang-tang....] 4 30] 6 | Walwich....| 1 54] 6 
Rio Janeiro...} 2 0] 6 |Serranilla....} wr. | 2 ¢Tanna.......] 5 85, 8 | Wangaroa....| 8 15] 7 
Rochefort ....| 3 48} 20 |Shelburne....| 8 30} 8 |Tarbert......] 4 57/15-10] Waterford...| 6 6113-7 
# Rochelle......) 8 39 Sheerness.....{ 0 37/16-11] Tarifa...... [11154 8 Welseley Is..} 8 0} 12 
Rodriguez ...| 1 85} 6 |Sherbro’.....} 6 0} 11 | Tavoy....... 10 0} 17 4 Western, Port} 1 10) 8 
f Roque, C. St... 10-6 }|Shields.......| 3 30/15-11] Teignmouth ..).6 0j18-7 | Westport....| 4 57/13-6 
Rotterdam ...| 3 45 Sierra Leone .| 7 50} 11 | Tenerife ..... bso, eg Wexford ....| 6 80} 5-8 
Royal Iv .....| 7 45} 8% |SimonsB,....|.2 80: 6 | Texel........ 6 45) 6 Weymouth ..| 6 30) 17 
Rush, Port ...| 5 50} 7-4 |Singapore....| 9 0} 9 [Tien Pak...../12 0) 8 | Whitby..... 3 45) 13 
isa batu ls sis e's 2 | Thomas, St. L.| 3 25} 4 | Whitehaven ./11 14/23-12 
Sable C.’.....| 8 0} 9 . [Sitka........|-0 34 Three Pts.C..| 8 0} 5 | Wicklow...../10 30) 9-5 
— J, N. side../10 30} 7 |Sofala........] 4 O/21—- §Timoan....... 6 0} 7 | Wilson’s Pro..| 2 0} 10 
— Ditto Sside} 8 80} 7 |Spain, Port...) 8 0) 4 | Ting-Hae, Chu- Woosung....} 1 80} 16 
| Saintes ....... 6 45 Spurn Pt.....| 5 20/28-14] san........ 11 0j12-6 
Salcombe .....| 5 50/19-11]Staten I...... 4.30} 8 |Tobago...... irr, | 34 | Yang-tze-ke- 
Saldanha..... 2 O| 6 |Stephens Port Tongatabou ..| 6 50, 4 BIE. dhs bee 15-10} 
Salem). , ise {lT15/e11 Falk.......| 7 45] 7 7B 3... -| 6 O| 20 | Yarmouth ....| 9 10} 7-2 
I San Blas......| 9 45] 7- |— Austr.....| 9 15] 8 | Tébres Strait . 6 “| Yellaboi ....} 7 10} 10 
Sandalwood B| 6 0| 6—? [Stirrup Cay...| 7 0} 4 [| Triangles..... aed a re GA 8 20) 6 
San Carlos Stonehaven...} 1 17/14-8 | Trincomalee...| 8 18] 2 [| York..... --{11 15)14--10 
Falk.......| 7 0| 8 [Stockton.....] 4 30) 18 |] Tristan d’Ac... 8 | Youghal.....| 38 26/12-8 
f Sandy Hook, ¢| 7 29) 6-4 | Stornoway ...| 6 46)15-11] Tynemouth...) 2 50} 13 
f Sanguir I..... 6] Suez... .5.. ok One es Zinzibar.....| 4 20} 10 
i San Josef ....{10 0/80-20]Sunderland...| 8 23/14-S | Union B......| 3 10)12-6 
| Sta. Cruz..... 9 30140-18{Supé.........] 4 50/ 3 |Upstart C....19 oO 6 


: TABLE XXXIX. 231 | 
CONTAINING THE TRUE POSITIONS OF THE MOST PROMINENT AND CONSPICUOUS ILACES 
IN THE WORLD. 


Selected on account of their height (which is given in this Table) or other remarkable appearance, with the view 
4 of their being readily identified “by the Navigator when in sight, for the purpose of verifying or Rating his Chro- 
i nometer, from time to time during the voyage. (See method of doing this at page 155). - 

The Longitudes are reckoned from the Meridian of Greenwich. The fractional parts of Minutes of Latitrde 
and Longitude are given in tenths, which multiplied by six, will produce Seconds. 


! BE. Coast of U. §. of America. | ‘axes or praces, | LA? N-|Lox. W. 


{ 
Lat. N.|Lon. W | New Orleans......|29 575/90 0 


Lat N. |Lon. Lon W. 


NAMES OF PLACES, ° 
Mona Island, E. Pt..|/18 5 167 &9 


| ROM N, E Rup eerataree' ¢ ° * {Racoon Point. ...:. 29 3 |9057 |St. Domingo, Cape 

Isl'd of Campo Bello Sabine River ent.. .|29 40°6 |93 49 Engano......... 18 35 |68 £0 

Bets ag 0 Ee eG 4457 |6655 |Galveston entrance.|29 205|9445 | “St. Domingo City}18 38 |69 50 

H Quoddy Head Light/ 44 493/66 57 | Rio Grancde....... 25 56 {9712 | “Cape Tiberon.../18 22 |74 £8 

1 Grand Mannan S.W. a ej “| Jamaica, Morant Pt.) 17 56 |76 11 
Bade: 9 Pt 4434 |66 58 Coast of California. « Kingston. vic. « 1758 176 46 


“ Savannah la Mer..| 18 12°3/78 8 & 
“ Montego Bay.....|18 29:4|77 86 
“ Falmouth Har F’t.| 18 30°6 | 77 40 


1 Mount Desart Rock St. Diego Pt. Lomal 32 388 |L17 147 
i 6Lizht House..../43 58 |68 85 St. Catalina Island.}/33 28 |118 38 
Martinicus Island It.) 48 464/68 49 |Santa Cruz Island, 


Portland Lt. House] 48 86 | 70 12 SY OGIRC ovete sires ener 3410 |119 47 |* Port Antonio.....[18 11°3|76 27 
| Agamenticus Hill. .}48 18 |7041 |Point Conception. .|84 31 {120 30 | Little Cayman, East 
Cape Ann, Thatch- Mount Buchon..../85 18 {120 50 QA eis aatncatl 08 1942 |79 58 
{ churn Island light) 42 38°3|'70 347] Point Pinos....... 36 38°5 {121 55 | Grand Cayman, Fort 
Salem City Hall... .|42 31 |'70 54 Montery Fort..... 36 36-4 |121 58 George ines wap 19 177} 81 23°5 
i Boston Light Housel 42 19 |70 536] Farallones Rocks pk] 37 42 {122 59 |Cuba, St. Jago De ; 
I Cambridge Observa- San Francisco Fort, » Cuba.. 119 55°91 75 50°6 | 
LL a ae 4223 |71 74] S. side entrance.| 37 485 |122 28°5)« Tarquina Pk, 10- 
y Cape Cod Light. (42 2 |70 83]Mt. Bolbones 3765 TOO Thorens wens 20 38 |76 51 
Monomoy Light... .|41 835/69 593] ft. 10 leag. inland) 37 52.9 |121 54°5}“ Cape Cruz... -|19 504/77 45 


“ Manzanillo......../20 20 | 77 20 
‘ Isle of Pines” a: 


| 54 
f Nantucket Har. light 41 164/70 44]Cape Mendocino...}40 29 {124 32 
i New Bedford L. "Ht 41 35°5|70 53:7] Cape Perpetua..../44 12 {124 17 


} Newport Spire...../41 292/71 185] Pt. Adam entrance. eles ners satay 2157 | 82 53 
f Point Judith Light. 41 21°6|71 28.6] Columbo River..}/46 12 |124 1 |“ S. W. Point..... 2137 |83 18 
4 Block Island Light 41 134/71 34:2|Cape Disappointm't 1616 {124 5 |* CapeSt. Antonio.|21 51:5 |84 57-2 
; New London L. “H..|4119 |72 5-1] Astoria ae 4610 {123 49 |* Mt. of Guagibon 
§ Montauk Point L.Hj41 .4:2/71 511] Pacific Citg....... 46 20 {124 8 2582 feet high. ..}22 48 | 88 24 
RN. Y. City Hall....}40 427/74 01]Gray’s Harbor, N. “ Havana, the Moro| 23 9°4 | 82 22 
f Sandy Hook Light.!40 27°7/73 598] Head......... 147 0 [124 7 |* Pan of Mantanzas 
i} Neversink Lights. .|40 28°7|73 588 | Cape Flattery S side 1277 feet.......{28 119 | 81 45 
j Barnegat Light H.|}39 46 |74 6) ent. of the Straits “ Matanzas. ...... 23 3 |81 40 
} Little Egg Harb, Lt] 39 30/74 175] of Juan de Fuea.|48 9 [12446 | Turks Island, N. end) 21 32 | 71 10 
a Cape May Light...|88 558/74 473 ; F North Caycos, centre) 2156 {72 0 
H Cane Sanh L. H) 388 46°6|75 4:7 Islands in co ae aa Great Heneaga, N. 

Philadelphia St.H. .|39 56°9|75 8-7 {Island of Trinidad, CALLS»: shatiet aloo 2 
A Smith’s [sland light} 37 78/75 522| Point Galiote....}10 9 |60 59 
sOaupe Charles..... 37 73/75 579] Point Galera....|1050 |6054 | Point.......... 9 
f Cape Henry light. .36 55°5|76 0:2} Tobago, N. E. end..{1120 |6027 |Grooked Isl. 8. Point}22 7 |74 21 
f Richmond......... S7 82 Trae Granada, S.end.../11 59 {6145 [Rum Key, S. Point.|23 37 | 74 50 


St. Salvador, E. Pt., 
Land. p.of Columb) 24 8 |75 17 
New Prov. Nassau) ~ 


i National Obs’rvat’ry| 38 53°6|77 2°8 | Barbadoes, E. end. .| 13 7 |59 30 
iCape Hatteras..../35 15°2|75 309] “ Bridgtown Engi- 

#Cape Lookout..... 84 87 | 76 33 neer’s wharf.....{18 42/59 37 
hCape Fear........{83 48 |7757 {St Vincent, Kingst’n}13 18 | 61 15 
1George Town L. H.) 33 125/79 10 « WN. E. Point../18 18 |61 20 
Cape Roman....../88 1 [79 24 |St. Lucia, N. Point.}14 5 |60 57 
Charlestown- L. H..|32 41:9]79 52°5 | Martinique Mt Peleé 
Tybee Light......{82 0 {80 52 4450 feet.....%. 1448 |6110 
i Light on St. Simon’s “ Fort Royal. .....)14 86 |61 4 


-~ ee ees eo!) mw 


Andros Isl, N. end:|25 4 |'7'7 57 
Bemina Teteat: S.W. 
Point............(25 41 |79 20 | 
Little Isaac, centre.| 25 585 |'78 51°38 § 
Great Isaac, centre.|26 2 |79 5 


PRIA. jeanne -.131 8 |81 386 |Dominica,N. end.../15 38 |6126 |Gun Key Light..../25 34 |79 184 
Cumberland Island Guadaloupe, N. end/16 31 |61 35 Key Lobas Beacon, 
Light)... cece... 3045 |81 37 « Mt. Souffriere, Oi teat. . sci. als 22 22:5 |7'7 35°5 | 


aSt. Augustine L. H| 29 523/81 25 5500 feet......../16 5 |6139 |The Hole in the 
| Cape Carneveral.:./28 27 |8033 |Deseada, N. end..../16 20 |61 12 Wall Lt. House. .|25 515/77 106 
Set ECOG oe cies i 27 1 |8011 | Antiqua, S.end..../16 595/61 45 |Great Bahama, W. 
Cape Florida Light} 25 39°9|80 5 “ Fort James, ATTLB TEL BUT han oh tates ) 
WKey West Light... 24 383 |81 47:3] Montserrat N. E. end 1650 |62 12 

} Tortugas Island, S. Redonds Isl’d centre| 16 55°5 | 62 18°7 
MW. end... 2... ..(24 381 |83 7 |Nevis,Charlestown.|17 88 | 62 42 
St. Mark’s Light H}30 4 |8410 |St. Kitts, Mt. Misery, 

W Cape St. George...|29 35 |85 4 8711 feet........,17 22 | 62 48 

} Pensacola Light.../8019 |87 169] Barbuda, 8. E. end.|17 33 | 61 48 

i Mobile Point Light.|30 13°8}88 0:5!St. Cruz Observat’ry| 17 445 | 64 41 

i Mobile, Barton’s Ac- Anegada, W. end../18 45 | 64 21 


Double-headed Shot d 

Keys Light......|23 565 | 80 265 | 
“ Salt Key, N. Poin 23° 41°7|80 25 | 
* Anguilla Isl. E. Pt.) 23 80 | 79 32 


Coast of Mexico. 
Tampico, N. Point. .} 22 15°5|97 46.. 


} ademy........./80 414/88 1:94St. Thomas, Fort sl ni Cape Roxo ....... 2135 |9717 
| Mississippi River. . Christian... ..... 18 20°4 | 64 55°7 }Vera Cruz, St. Juan 
“ a. 1. Outre Pass) 2914 |89 0 | Porto Rico, Cape St. de Ulloa Lt...../19 119/96 8 
“ Balize......429 85/89 14] John. (18 23 |65 386 {Ourizaba Mt. 17, 400 
“« §. E. Pass....}29 6 |8857 |“ St. Augustine Bat- Faw. 14's 2 
“ §, Pass...,../28 597/89 T4| tery..-..+..++.[19.29 |€6 71 |Cofre del Perote te Mey 


13,400 ft.. 


“ §. W. Pass...128 585/89 20 | Cape Mala Pasqua|17 59 [65 49 19 29 Ne 7 


See Position of Places, Pages 244 and 245. 
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ne ee ae — 
NAMES OF PLACES. net N- ree vk NAMES OF PLACES, onal a : marek ai Anticosti Island. 

Port Laguna Brit. Morro of Barcelona Lat. N.|Lon. W. 
hig Hosts vue ce 1g 384/91 507| City....ce ene. 110 18% Leando © | NARIOE SHAOR a Sy oe ame 
Campeachy... 119.50 $9033 }|Cumana Fort Boca,.}10 27°6|64 11 | Heath or E. Point. (49° 54161 452 
Sisal Lit) ee ee 21 101/90 .2.7} Pt. Foleto mouths|~ S. W. Point Light. .|49 23.8 | 64 23°5 
Cape Catoche N. Pt of the Oronoco R.}10 0 | 62 18 ~ eect a oiicike Cdnaiial ak, ae 

© Jolbos Is... ....| 21.36 1876 _|* East Mouth, Crab oast. 


Island, N. pt....) 842 |6055 | Macquereau Point.|48 12 | 64 48 
tra inlA? Galanasda mes: Chaleur Bay, Car- 


lisle. Yeisen oe ya] 48,317.71 86-16 
tT a Te 20 549/92 138 | Demarara Bar, bea| 6 58 Dalhousie Island...{48 4'4| 66 22°2 
Alacranes, N. Pt...) 22 85 |89 49 | George Town Light} 6 49°4/58 11:5] Miramichi, Portage 
hati 2 


Half Moon Kev Lt! 1 87 33. | Berbice R,, Crab Isl) 6 21 |57 33 Island, N. Point..}47 14 |65 2 
British Honduras Pt. Eseumenae light|47 5 | 64 46 


Islands in Gulf of Mexico. 


Triangles, 3 isl'ds., E. 


River Surinam, Fort 


Es Amsterdam..... 548 |55 9 |Richibucto Harbor . 
Belize. Ft. St.George| 17 29°3;85 12 | Paramaribo Che. ...| 5 44°3 155 13 month: Races 46 42 | 64 51 
Cockseomh Mt. 4000 Cayenne Fort..... 4 565 |52 20 | Fort Monckton..../46 3 |64 4 

feel {este aiaa en $5 | 1648 |88 88 |Cape Cachipour, N. Cape Gaspé....... 48 45:2 | 64 10 
Omoa, St. Fernando EK. point ceca 346 |51 St. Anne’s Mounts, 

Burt. ol snaita oes 1547 |88 3 | Cape North, ent. to N. E. one 3978 ft) 48 52 |66 49 
Saddle Hill, 1760 ft) 15 45 |79 58 the Riv. Amazon.}1 42  |4948 |Cape Chatte extre- ) 
Cangrijo Pk, 8040 + gh fe: ten ob... JE aie Miley sss paceen ee 49 6 |66 46 

feet..... woe eee] 15°38 > | 86 53 River Amazon. Wolfe and Montcalm 
Truxilly Fort... 20. 15 55°7|85 59°} Bailque Isl, N. pt...| 1 4 {49 56 Monuments..... 46 48°6 |'71 13°5- 
@ Cpe Honduras. . GRE Otero: Macapa Fort cant, | 0 O8)}51 2% | Quebee, N.E. bastion| 46 4971 |71 13°7 

Const of acne Mexiana Isl. E. pt..! 0 0 14919 Wéewionadinai 
Pat Royal harbor.[ 16 243/86 192] Coast of New Brunswick. Cape St. George.1.148 90 469 Lous 
Boraeco Isld. Sum. St. Andrews, S. Pt. Cape Anguile..... 47 53 159 25 

1200 feet......: 16.28 |85 55 Light. . 45 48/67 3 | Cape Ray, S. W. ex- 

Poyas Pk. 3700 ft., C. Lapreau Lights.. 45 37 |66 27 tremity......../47 87 |59 18 

12 minland..... 15 44 |84156 |St. Johns, Partridge Miquelon, Mt. Cal- 


©. Gracias a Dios. 3!14-59- +83 11 A Island Light...../45 141|66 35 vaire at N.W. Ptl47 7 |56 25 


: Cape Spencer. ...../45 12 16555 |[s¢, Pierre Isl’d, S. E. 
Mousguite \yoeeh Cape Enrage Light.) 45 329/64 46 Polpbs «apetaein. 4645 |56 12 


Caxones or Hobbies Annapolis harb. Pt. Placentia Har. castle 47 15 |64 4 
Re Pia Sask os 16 3 |83 6 Prim, 4441/6545 | Cape Pine Light...|46 87 | 53 36 
St. Andrew's Isl'd. Bryer’ 8 Isl. ‘Light. . 4416 |66 22 Cape Race..... --- (4640 153 7 
SW, Gover. «¢ 13 21°7|81 44 | EL Blaics St. Jobn’s Light on 
Blewfield’s W. Pt. of Nova Scotia. South Head..... 47 33°6| 52 48 
Bint. 420m oe ae 11 59:3 1838 41°55 jae nh gaye Light} 43 24 Trinity Harbor, Hog 
San Juan de Nieara- . Sable, 8. E. pt...|43 24 N og64 2 ous Os Sa tie 4821 |53 24 
gta, ov Gr ey Town} 10 55 |83 48 [Shelburne Har. S. E. Cape Bonavista Gull 
3 eee recen i PEME NEMA ar eaas Ait Island Light...../48 42 |53 8 
£ Gantebtales N. E. Coast. Sambro Isl. Light. .| 44 263 Cape Bauld....... 5138 /|55 24 
Point Arenas...... 10 567 [83 42.2 | Halifax Dock Yard Belle Isle, N. E. Pt|52 1 |5517 
Mt. Cartago, 11,100 Tablet... 44 39°7 
feet. . aS ey eae 10 2 |83 48 A hepa ated Isl. ‘Light 45 20 Cape Farewell....)59 49 |43 54 
High Pk.. 5251 ft. 6 Cape Canso..... 318 Staten hock. ...... 59 50 |40 89 
at: SAS. Gea Gut of Canso, N. W. bok | Se) \edenelaavde. Nas ger 
Buppan Bluff. ...| 8 49°7 | 81 30 entr. Light Fee en 45 418 Ice and. 
aes Cape St. George. ..| 45 52 BeikiaVigi.c- 0h s 64 84/21 552 
Isth. of Panama, N. Coast. | Pictou Har. Light. ./ 45 415 Mt. Heckla, 5364 ft..63 58 |19 41 
’ i a ee Y 
Chagres, San Loren- Piet nits Cape Breton Island. Faroe Islands. 
p a eR i i. iad 9197} 79 59.2) G-Se Lawrence.,../47 2 |+©0 38 | Fugloe Island, E. Pt| 62 20 6 18 
ee Ai 2 9 395179 385 Port Hood. Just au Monk Rock.. .|61 20 6 41 
Gupe Tihernn .ve.{ 841. (7726. |, Corps Island . ...|46 0 [61 36 Shetland Island 
= Se om PE dk E Cape Hitchenbroke, 45 384 |60 42 eUand. islands. 
- mt ps ~ a ~ 5 9 
Lg. on ornate, het cgi |? an aaee aia( 
a Month: Samm ligh - ‘ln4 16 Point Light,..../46 2 [5941 |Balta Island, S. end] 60 44:4] 0 47-7 
Pt "Gallinas ai 19 25 71 44 Sidney Harbor Lt. 4616 |60 8 | Noss Head, 577 feet} 60 83] 1 05 
Murs ot L aNancr 112 17141 Cape North....... 47 3. 16025 | Lerwick Fort..... 60 94) 1 87 
“atin 200; iapthe é; St. Paul’s, N. pt.lt../47 14 |60 9 |Sumburgh Head Lt) 59 51:3 | 117 
fae ee ence i041. |7140_ Magdalen Islands. his a _ cpt SP 
Tas anal Tals rkney isiandas, 
jast of Venezuela. Deadman’s Island. .|}47 16 | 62 14 
Goa Amherst, S. W. Pt. |47 14 |62 2 |Moul Head ....../59 23 2 538 
Los Roqués, 8. E. pt. Entry Island. ..... 4717 |6142 Noup Head....... 59 20 3 40 
Lights Spi o2. tat 1148 /66 33 | Cross Island, E. Pt.|47 48 |61 25:2] N. Ronaldsay Island, 
Por to Cabello.....'10 294/68 0 | Bird Islands EK. one.|47 51 |61 97] E. Point........ 59°23 | 2 24 
: : “Str S. pt.) 59 20 2 26 
Caraccas. Prince Edward’s Island. Stak Livht.*. ah 59 166| 299: 
Caraceas, 3000 feet. Ccarlotte Town, fort| ‘}Stronsa Isl'd, Lamb 
7 m. inland....../1080 [66 54 George......... 4614 |63 7 Higa! in no oaks 59 49] 2 32 
Pk. or Silla de Ca- “| Kash Point; ....2 46 27 |6158 |Stromness Churech.|58 57°8} 3175 
raceas, 5 m.inland/ 10 32 |66 50 1! North Cape..... 47 4 [64 1 | Kirkwall Light. .../58 592] 2 57-2 


| Point of Air Light..| 3 


TABLE XXXIX, 238 
wanes or praces, | 143" pe sae Coast of Wales. ames or ptaces, | Ut N. Low. iB 
Old: Heud>....... 58 443] 2 555 Lar. N.|Lon, W| Beachy Head Light] 50 44-4 2: 
Roekal, centre. 57 36 1138 41 ea phe eee aha . Dikchees Light. . .|50 55 5 sf A 
1 St. Kilda, pk. 12 20 ft. 57 49 8 347 | Great Orme’s Head, Dover Castle Light.|51 78 | 1 195 
Flannen Is'ld, N. W. signal staff...... 53 20 3 512|S. Foreland Lights.|51 84/ 1925 
By extremity... .t3% 158 13 787 | Point Lynas Light..|53 25 1 14:2}S. Sand Hd. Lt. ves- 
H Rona [sland, S. E) Skerries Light....]53 253] 4365] sel Goodwin sands| 51 10 1 28°2 
# summit, 360 feet,| 697 5 48°5 | Holyhead Light...|53 20 487 |N. Sand Lt. vessel *}51 195] 1335 
; S. Stack Light..... 538 183} 442 |Sandowu Cas. center] 51 14.38} 1 24-2 
H Hebrides. Caernarvon Light..}538 85| 4 247] Ramsgate Pier light}51 225) 1 267 
(bE eS eae 58 31 6 14 | Bardsey Island Lt.. 52 45 448 |N. Foreland Light.}51 22:5] 1267 
H Stornaway Lt. house! 58 11°54 6 22-2 Snowdon, 8580 feet}53 41) 4 45]Margate Light..../51 284) 1 23-2 
| Shiant Isl’da,N. W. Cardigan Is?'d sum- Nore Light vessel. .|51 29 0 48 
pene 57 33 6 IMIb. sees eee ees 52 79] 4415] Chatham Dockyard] 51 28-8} 0 85 
I Glass Istand Light. 5752 | 633 {South Bishop Light./51 S14) 5 245 [Sheerness flag staff.|51 268] 0 44-7 
+S. Uist, East Point.15713 | 711 Small’s Rocks light.|51 483) 540 | Greenwich Observa- 
f Barra Hd. Lt. 680 tt! 56 47:11 7 39:9 | Pembroke Dockyard ; WEY via ane gn eee hs 51 286] 0 00 | 
B Pent?nd Skerries lts.|58 41:2] 2 55 N. W. corner....|51 41'8| 4 57°2 London, St. Paul’s W.E 
piers Milford Church... ./51 427| 5 15 Cathedral. ..... 513808! 0 57 | 
ant St. Ann’s Lights...|/51 41 5 105 
EE ae yess’ of Scoland, Caldy Isl'd, 8. pt. It] 5137-9] 4 41 East Coast of England. | 
Duncansby Head. ./ 58 39 38 1 {Worms Head..... 51 34 4 20 ‘ Aa 
Dupnit hid. It. 846 ft} 58 404 3 21-2 |Swansea Pier Light] 5T 37 356 | Mouse Light vessel.|51 31-8] 1 0-2 
Thutso. we eeeceees 58 33 3 $l Mumbles Light... .|51 34 8 58°2 | Swin Middle Lt. ves.) 51 39 ley 
1 Cape Wrath Light. Cardiff Custom H../51 286} 310 |Sunk Light vessel. .}51 467} 1 28-9 
s° 400 feet... 58 875| 459 |Newport, Usk Light) 51 32-4) 2 59-7] Kentish Knock. ...}51.89°7| 1 89-5 
A Point of Parnes 57 89 618 | Bristol Cathedral..; 51 268] 2 35°5]|Shipwash Lt. vessel]/52 15] 137-7 
Canna {sland, W. Pt.|57 4 6 34 | Flatholm Isl’d light 51 22-6} 8 7 |Galloper Lt. vessel.|51 45 Y Bb | 
# Rum Island, 8. Pt..)56 56 6 23 | Bideford or Braun- Harwich Lights...)}51 566] 1 17:5 
Muck Island, W. end] 56 49 619 ton Lights...... 51 45] 412 |Orfordness Lights..)52 48] 1 34-2 | 
livey Islaud, S. end|}57 27 | 656 | Lundy Isl’d Lights.|/51 10°1| 4 40-2] Aldborough Steeple| 52 9:2] 1 86 
PSkerryyore Lt. 150 Padstow Church...}50 825] 456 | Pakefield Light....)52 262! 143-5 
TEM ies ow ks 3 0 56164] 7 65]Trevose Head pent 50 33 5 2 |Lowestoft Lights. .)52 293) 1455 
4 Ben More, 3168 feet.) 56 25'5| 6 O-'7)St. Ives eae .}50 12°83] 5 265} Yarmouth Spire 52368! 1437 
Isle of Mull, N.W. Cape Cornwa (50 TT| 5 425) Winterton Light... .|52 43 1 41 
MIG, Gig e) pia lee a) ea 's = er —| Hasborough Lights} 52 49: 3) § 
HE Scilly Islands. Cromer Light. r A pts 19 | 
West Coast of Scotland. [gf Mary’s flagstaff. 4955 | 619 |Leman and Owen : 
| Ben Nevis, 4308 feet|o0 48 | 5 0 |Saint Martin's Day Light vessel..../53 85) 2 15 § 
i Fort William.’.. 2156-48 55 DMarkepeuass a 3c « 49 58 616 | Dudgeon light vessel] 53 152) 0 562 ¢ 
f Lismore Isl. Lt. 96 ft|56 27 5 36 | St. Agnes Light....:49 536] 6 20°7 |Spurn Light vessel.| 53 34 01385 § 
as itee Charch../66 260 1\5 6171) | South: Coast. of England. Pe ae eae ae ee 
s Rhinus of Isla Light} 55 40 6 33 d un 
A Muil of Cantire Lt...) 55 20 5 49 [Seven Stones light Hull Citadel --+++/53 446) 020 
f Campbelton Light,./55 25 |°5 85:5] vessel........ 150, 8 1.607 4 meamebpvough HG It) 641 ae 
I Glasgow N. Bridge.|55 519) 4.16 | Longships Light.../50 41) 5 447 Searborough Light.) 54 17 0 23° 
if Greenock Spire..../55 569] 4 45-2] Wolf Rock Lt. to be|49 567| 5 482 Whitby Light..... 54 29°77) 0 367 
lGumbre Licht... 155 46| 4.597] Penzance Lt. Pier../50 71] 5 31:5] Redear Chureh....)54 369| 1 35 
| Ardrossan Lights. 155 38°7| 4505 |Lizard Lights..... 49 577| 5.12 | Hartlepool Pier Its 54 41:8) 1104 
1 Pladda Lights..... 55 256| 5 7 |Falmouth, Penden- Sunderland, N. Pier 7 
' Ailsa Craig suminit NIE CBRELG, , wince’ « 50 8:8 1.5 27 Light ey sa 54 545) 1 22 
Ey ee 55.152| 5 7 |“ St. Anthony light50 83) 5 1 |Newestle Bridge, N 
| Corsewall Pt. Light|/55 05| 5 95]Deadman sum, 379 CNd. s+ see se ees 54 587) 1355 | 
I Mull uf Gulloway Lt}34 381| 4 51:1|  feet.........+. 5018 | 448 | Tynemouth Light..)55 18] 126 | 
I Mary Port, 8. Pier.|5443 | 3 305|Rame Head......./5019 | 413 | Coquet Island Light 08 AU) te irae 
Workington Lights.|54 389} 3 845 | Plymouth Breakwa- Chevgot Hill, 2658 ft. hs 29 2.9 
f Whitehaven Lights.|54 83:2] 3 85-7] ter, W. end Light) 50 203] 4 95 Longstone Light. . ey 38°7 1 365 | 
1St. Bees Head light, Bolt tkad flag atat 50 13:2} 3 497] Farne Island Lights) 55 37 1 89°2 { 
|e periipeta s Start Point Light. .|50 134] 3 38 Holy Island Castle./55 40-2] 1 47 
| {Dartmouth Light. .|50 21 3 35 Berwick Light. .... 55.462) 2 UV 
; Berry Hd. flag staffj/50 24 | 3 28 
ae eke ve ; Koaey ...[50 28 | 830 East Coast of Scotland. 
: Peel Light. . 4 b4 ke 4 ao Portland Lights. . [50 814] 2 26-7] St. Abb’s Head, sig- , 
WN. Pt. Ayr Pt light 5425 | 422 |st Albans Head...[5085 | 2 2 nal staff... ....15555 | 2 8 
# Douglas ‘Light iste es 54 9 4 28 ; Dunbar Church 155 699] 23 
Calf of Man Lights.|54 82 ANE fb ko Bass Rock, centre. 156 47| 2382 
: e Needles Light..... 50 89°9| 134 |Inch Keith Light.../56 2 | 3 8 
W. Coast of England. St. Catherine’s pt. 1t/50 845} 118 | Edinburgh Observa- 
| Black Comb, 1919 ft|54 15°5| 3 19°5]Cowes Castle...../50 46 LRRD PETCOr Eee. alah 555741 811. ¥ 
d Waluey Isl. S. pt. It}54 29] 8 105 Leith Pier Lights. .|55 689} 3105 § 
f Crosby Light ..... 5331 | 3 4 | Hurst Lights...... 50 42°4| 1 32°7| May Island Light. (56 11:1] 233° § 
f Liverpool Observa- Southampton, Saint Bell Rock Light.../56 26 | 223 | 
BS: Lanes. ss ii's ....[53 248] 8 00] Michael’s Spire../5054 | 124:2}Dundee Lights... |56 276} 25777 f 
| Bell ‘Beneon. .|58 81°2| 3155] Portsmouth, R. N. Buddoness Lights. .|56 281) 245 \% 
| Formby Light. . (5331 | 8 95] College. (5048 | 1 62]Montrose Lights.../56 425} 228 | 
Ne W. Light vessel, 23 274| 3 177 | Ower’s Light vessell50 40 | 040 | Girdleness Lights. ./57 82). 2 30 § 
nina 3 19/0 Biigeien-| Pier Laght po a 0 8 |Aberdeen Lights..157 89} 2 5-7 f 
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TABLE XXXIX. 


NAMES OF PLACES. ear. a cae WwW, NAMES OF PLACES. Liar, Eee LON. Es NAMES OF PLACES. Lan. N. ; a Ww 
Buchanness Light. .'57 28 . Bornholm, N. Pt. Lt}55 17°7|14 46 | Divis Mt. 1800 feet.) 54 367; 6 1 
Pet’rb’ad, Keith Inch. 57 30:1 S. Point.}54 59 |15 5 |Copeland Lights. ..|54 41°7; 65 31:2 
Kinnaird’s Head Lt, 57 41-7) 2 1:5] Falsterbo Light...|55 23 |12 49°2|Slieve Donard 2796 

f Burgh Island...... 57 42:1] 3 80 Belek Lt.....|56 27 12.42°2] | feet... «5. {54.108} 5 55:2] 
}Cromarty Point Lt.) 57 41 | Warberg Castle. . 57 64)12 145 Lambay Tsland sum] 53 29.6| 6 10} 
Tarbetness Light. .|57 50°9] 3 485 | Niddingen two Li's. STG 11 84S 1 7 ae en oe eee ae ne ee 

Noss Head Light.. .| 58 28 = E. Coast of Ireland. 
Coast of Norway. Howth Bailey light.)53 217] 6 3 
Shores of the North Sea. Wingo Light. ...../57 38 [11 362] Dublin Observatory| 53 232) 6 20.8 
kK. Gottenburg......../57 41:3} 11 54°5 | Kish Light vessel. .'53 19 5 565 | 
Dunkirk Light....J}51 31] 222 [Christiania, New Ob- Great Sugar Loaf 
Ostend Lights.....{51 141] 2 55 servatory....... 59 5647/10 43:5] 1651 feet. 53 92) 6 9 
Autwerp Cathedral] 51 18:2] 4 242]Flekkero Island.../58 2 | 757 | Wicklow Hi. ‘Lights 52 579| 6 0 
Brielle Church... .}51 542] 4100] Naze Light....... 57578) 7 2 |Arklow Light vessel| 52 42 5 597 
j Rotterdam Church.) 51 55:3] 4 295 | Fugloe....h..... 60 1 459 | W’xford, Rosslare pt 52 10°9| 6 222 
Hague,S.James Ch] 52 4%] 4 187 | Bergen .| 60 24. 518 |Tuskar Rock Light.|52 12°1| 6 122 
Texel Island W. Pt|53 8 4 42 {Christiansund Light ba. 739 |Saltees Light vessel] 52 28] 6 40 
f Haarlem, Great Ch. Rost Islands, middlel 67 31 1 7 | Hook Light: thew as 52 74) 6 55°7 | 
evens nS eta 52 22:9] 4 38:5] Hammerfest Church} 70 40 |23 42 | Waterford Bridge. .| 52 16 7 € af 
i} Helgoland Isl’d Lt 54:108)- 7.58 .|N. Cape of, Europes}1 103 25°46 |=. a om no. uplce wo ~—s 
| ibe, outer Lt. vessell54 0 | 818 [=== 2 S. E. Coast of Ireland. 
: De k : White Sea. Duneannon Fort It's| 52 177] 6 665 
pera |Orlovsk Light..... 67 115] 41 22-9| Roche Point Light.) 51475] 8 152 
Cuxhaven Light...| 55 58°7| 8 48 | Onega, St. Michael’s ‘ |Cork Custom House] 51 63:8] 8 27°7 § 
} Altona Observatory} 53 32°7| 9567 GChurch.. ..163 53°6 | 34 39°7| Barry Head....... 51421] 8 23:2 
t The Skaw Pt. Light 57 43°8|10 865 Ar changel, "Trinity Kinsale, Old Head 
| Trindelen Lt. vessel] 57 25°6|1116 | Ghurch......... 64°39°11 40.885). Light... ......0. 51 867} 8 3272 
f Anholt Island, E. Pt. | Moudiuga Isl’d, left Galley Head, 8. Pt .} 51 31°8|. 8 57°0 
ee 4 _.+ .{56 443/11 392] enti’nce R. Dvinal 64 55°8 |40 16-2] Baltimore........ 5129 | 922 
sineur, “Kr onbor - a on ba 
er? ee [56 22/123875) West Coast of Ireland. N. W. Coast of Frane 
4 Copenhagen Obser- W. K 
a Story. ¢ .-+-| 55 40°9 [12.8471] Cape Clear Light../5126 | 9 29 ee teers - {51 ae 2 675 
‘ = ! Fas .g|Calas Light......|50 57 1 51:2 { 
Shores of the Baltic. | Fastnet Rk. It to be gt i : a : Cape Grisnez Light} 50 52°2| 1 35-2 § 
j Moen Isl'd, E. Pt. Lt) 54 57 [12 33 | Bear Island, summit/51 875] 9 52-2| Boulogne Lt’s N, E. 
j Kiel Observatory..}54 195/10 9 |Roanharrick IsPd lt|51 392] 9 447] Jetty........- 50 43:9) 1 35:2 
4 Lubeck, St. Mary’s Skellig’s Lights..../51 46 | 10 82 Dieppe, W. Jetty Lt} 49 56 vib 
| pp Ohareh ye oi sag 53 521/10 415] Brea Hend..\.... 5133 |1025 |Cape Ailly Light../49 55:1] 0 57°75 
) Wismar, St. mipet | Valentia Fort Light] 51 55°8|10 19 Cape de la Heve It's|}49 80°7| 0 42 
| Church.. .++.{53 58°5|11 27-7 | Great Blaskett Ny pt|52 6 |10381 Havre, N. Jetty Lt./49 293] 0 67 
j Rostock...........]°4 55/12 9 |Kerry Head, River Paris Obser vatory .|48 50°2 | 2 205 § 
! Rugan Island, E. Pt. 5421 |1348 | Shannon. .,..... 52 23 955 |Honfleur Lights...)49 25:5) 013-7 
i Swinemiinde Light.|}58 56 {1417 |Tarbert Light..... 52 85°5| 9 21°7 W. 
j Stettin.... ......153 25 [1434 {Loup Head Light. 5234 | 956 | LaHougue Lights. .)49 343] 1162) 
f Dantzig Ohece vat ry] 54 213/18 41-219, Arran Yel'd. sun- Cherbourg Church.| 49 886] 1 87:2 { 
sla ae ogee +) 54 88'4/119 54 mit of Hanmorelt/53 7:6| 942 |Cape La Hague Lt.| 49 53:4] 1 57 
emel Light...... 55 43°7|21 62] Bluck Head....... 538 9 917 } 
1 Lyserort je WA ete 57 34 a 34 | Galway Mutton Isl'd Ubannys Islands. OE Le 
| Domesness Lights. .| 57 45.6 |22 37 Light. sya ay 538152) 9 35{Alderney, St. Anne's 
f Riga Lights....... 56 57 - 65 Slyne Head Lights./58 24 | 10 14 Chutch....:..../49 429] 2 12:9 
Pernau, eaten 4 Ch. 58 231194 80:2 Newport ae poe 53 53 10 11 Caskets Lights. “ies 49 A3'4|] 2 29°5 
f Dagerort Light... .158 55 |2212 | Achil Hd. 2292 ft .15358 |1016 | Guernsey, Jerbourg 
} Nargen Island Light} 59 36-4 | 24 31 Eagle Island Lights) 5417 |10 6 Tower, 390 feet. .|49 253} 2 338 
y Revel, two Lights. .|59 26°6 | 24 45:2 Downpatrick teal 54 20 9 Ope Ie Doyle Fort, N. E, 
7 Kikholm Light..... 5941 |25 49 age Potts sia eeoien sd 49 301] 2 8125 
f Rothskar Island Lt] 59 58 |26 42 W. W. Coast of ireland. Jersey, St. Helier’s 
| Hogland, two Lights! 60 63/26 58°5|Sligo Bridge...... 54 16 8 28 Lights Wale PAS ans be 49113] 2 7 
['Tlbouklin Light..]60 26/2934 |Tillen Head 14165 ft. - S. E. Pt. Seymour 
‘{ Kronstadt Cath....} 59 59:°7|29 46°5 suinmit......ee 54 20 8 45 TOWOP fot ites 149 94) 23 17 
A St. Petersburg Ob- } Bloody FarPnd 1059 
servatory.... ...|59 565/30 19 feet. . 55 82] 8157 W. Coast of France. 
A i ee 60 427/28 47 | Tory Island “Livht. 55165] 815 |Cape Carteret Light] 49 22-4 | 1 48°2 
1 Sommers Isl’'d Lt’s.! 60 12-4} 27 39°5 | Fannet Point Light. 55166! 737-7]St. Malo Light... .)/48 39 2 154 
TL itelsingtors Obs’rva- | Innistrahul Light. . 55 259| 7 13:7] Cape Virehel sun). it. 48 41:1| 219 
tory i. sees ..160 97] 24 57-5 | Innishowen Had. It's.| 55 13°8| 6 55:5] Morlaix Lights.....}48 882) 353 { 
eee . daa --|60 84) 24 59°7 Ush: int Light sian a 48 285.) 5 32F 
f Ronskar Light..../5956 |24 24 N. E. Coast of Ireland. Brest Obsér vatory .|48 23.6] 4 29°2 [ 
{ Lagskar MACE ek 59 50°5 | 19 55:2 | Londonderry Bridge] 54 596 | 719 }Penmare’h Rocks Lt] 47 47-9] 4 22°2 | 
I Stoc kholm Qhastent ; Port Rush Pier. ...}55 124] 6 39°7 |] L’Orient tower. .... 47 447| 3 21 
Lory. the cee as 59 20°6|18 3°7 }Giant’s Causeway pt| 55 147| 6 30°7] Port Navalo Pt. Lt.|/47 32°9| 2 55 
1 Gronskiar Light. . (5917 |19 2 {Rachlin Isld It. tobe 55 17.6} 6 11-7] Port Saint Nazaire, 
| Gothland, S. Point. 56 552/18 9 |Knocklayd Mt. 1690 Mole Light..... 47163) 2117 
y Oland, N. Hd. Light}5722 |17 6 [| feet............ 55 9:7] 6 15:°2| Rochelle Lt. Tower.|46 94) 1 92 
fi Carlserona....... 56 9.7|15 35°5 | Maiden Rocks lights, 54 558 | 5 44-2|Rochford Hospital | 45 566) 0577} 
Earthols, N. Pt. ba 5519 |15 12 Peliet Spire Pb 36:4] 5 562! Bordeaux, St. André 44 503| 0346 


North Coast of Spain. 
Lar. N.|Lox. W 
° / ° / 


NAMES OF PLACES, 


1 St. Sebastian Light.| 43 19°2 
Cape Villano...... 43 27 
Bilbao, St. Nich. Ch.) 48 15°8 
Santona Mt. summit] 438 27°5 
Santander mole It’s.|43 27°9 


Cape Blanco...... 43 35 

Island Pancha, W est 
extrermity........{43 34:7 

Cape Burela......|43 42 


Cape Vares summit] 43 48 
Cape Ortegal tower| 43 45°2 
Ferrole Mole 2 eS 43 29°5 
Corufia, St. Antonia 
Gnetle 0 Sets ter 
Cape Finisterre light 
to be. :........../52 54 
Mt. Louro, 787 feet./42 44 
Viana Fort, St. Jago 
Light to be... ...|41 42°6 


43 22°5 


2 05 
2 58 
2 54 
3 26 
3 48°7 
6 47 


6 59°2 
7 21 
7 41 
7 56 
8 12°79 


8 22-7 


‘# Mt. Ornellas, high. .| 40 50 
Oporto Fort,St.John| 41 8'8 
Sa Light... ator el 


Cantaros Mt.summit 


Coast of Portugal. 


6460 feet....... 40) 19 7 38 
Cape Mondego light 
Sas sign eae te -|40 12 8 54 
| Figueira Light to be}40 10 | 8 51 
1 Burling’s Light... .|39 25 9 307 
| Cape Roca Lt.598 ft| 38 46 9 30 
i Mt. Cintra summit, 
1720 ‘feet? 626 38 47-2] 9 25 
} St. Julian Fort light) 38 40°3| 9 20°5 
) Lisbon, Marine Ob- 
f oservatory....... 38 424] 9 82 
if Cape Espichel Light 
| OA i Ol ee 38 249] 918 
Selubal Light, 490 
DORR have odor uve 38 289} 8 53 
f Monchique Mount’ns 
summit 3830 feet. 37 20 ‘8 36 
} Cape St. Vincent Lt} 37 29] 9 0:0 
f Cape Sta. Maria Lt) 36 56 | 7 46 
§ Mount Figo, 2000 ft} 37 10 P49 
i Cadiz New Obs’rt’ry| 36 27°77 | 6 12 
C. Trafalgar Tower.| 36 10 6 1 
‘Tarifa Light...... 36 0 5 386 
|} N. W. Coast of Africa. 
# Cape Spartel W. Pt. 85 48 5 55 
i Mt. Habile, 8000 ft..| 85 28 5 43 
pn RR Rae Balter: 84 27/1 6 46 
HN. C. Blanco, 170 ft}/88 8 | 8 88 
i Mogador.........../31 380% | 9 462 
1C. Ghir, 1235 ft. pt}30 88 | 9 50 
f Mt. Sum, East of C. 
i Ghir, 4400 feet...) 30 39 9 33 
1 Fogo Pk. 2970 ft...}29 11 |10 6 
HC. Bajador, W. pt...(26°7 |14 29 
} Down of Cintra or 
pk’d sand bill,.../23 5 |16 10 
A Senegal Lt........ 16 08/16 33 
iC. Verd, extreme... .| 14 43:1 |17 34 
; R. Gambia Bathurst 
i flag-staff.. 13 28 |16 85 
M. Kakulimah: 2900 
aE SE 5 Eh 9 45°8 | 13 28 
Gulf of Guinea. 
GC. Sierra Leone Lt..| 8 80 1818 
i Freetown N. Battery; 8 29°9 13 145 
Bananas Is'1Gov.ho| 8 8 (13117 
C. Mount Pk. 1060ft.) 648 (11 21 


TABLE XXXIX. 


Liberia. 


NAMES OF PLACES. 
C. Mesurada Lt..... 


Monrovia Gov't. ho.. 
Marshall Agts. ho. . 
Grand Bassa Amer. 

Agent’s ho.... 


Trade Town 
Mt. Tobacco, 880 ft.. 
Pt. Sanguin........ 
King William Town 

Eurp. Factories. . 


6 19 


Lat. N.|Lon. W. 
Oe Ae | nr 2 


10 50 


6 191|10 49 
6 $1]10 227 


wf 564110 4 
Grain Coast. 


Cape Palmas Lt.. 


Iv ory Coast. 


Oval Mt. 1815 ft... 
King George Town. 
OS Dahon 50 sstes 
Axim, Dutch Ft.... 
C. Three Pts. 8. ex- 
tremity....... 


Gold Coast. 
4478 
5 48 
5 64 


Dix Cove Fort..... 
Elmina, Dutch Ft.. 
C. Coast Castle Lt. . 
Camel’s Hump, 1200 

feeteia:.'s.6 sean 


R. Volta W. Pt. ent. 
Quitta, Danish Ft... 
Whydah Flag-staff.. 
R. Quorra, or Niger 

E. Pt A Re 


W. Pt feta et ge 


4 57 
4 58 


5 1l 


4 523 


4 44:7 


5 37 
Bight of Benin. 


N 
5 46 
5 55 
6 18 


4 23 


Bonny R. entr. E. pt} 4 23 


Old Calebar, Tom 
Shetek becca o. «> 
Mt. Cameroons, 1376) _ 
feet.. anes 
C. Oainerdoua bs wiote’ 
Rumby Mont’s sum. 
The Mitre, 3940 ft. 
8) Sam. .s. eas ss 
Gaboon R. 8. pt. ent. 
King George Tower. 


Islands in the Bight of Biafra. 


Fernando Po. C. Bul- 

len, or N: Pt.y. 3. 
* Peak, 10710 ft... 
“ S. Pt.or C. Barrow 
“ Clarence Cu. Ade- 


“ Diamond Rks. off 
N. E. Pt. large one. 

“ Brothers, 2 Isl'ds. 
S. one.. 

St. Thoms “Foland, 
Sum. 7020 ft.. 

Ilha das Rollas “off 
2 EG. 

‘Annobona, N. Pt. 

eS, CXtrs doalrartes 


Islands in the N. Atlantic 
bbls" itinaera 


Desertas sm, 1610 te 32 31:3 3 


0 22 
0 8 


8 48 
3 35 
3 13 


1 39% 
1 407 
1 211 


0 14:7 


8 


0 05 
tT 24°3 


1 286 | 


Lar. N. 
NAMES OF PLACES. o 7 
Madeira, E. Pt... ../32 43°4 
Funchal, B. Cons’late| 32 87°7 
Pico Ruivo, 6100 ft.) 382 45 
W. End or Pargo pt.) 32 48 
Great Salvage W.S/ 30 75 
Great Piton sum,...|/80 1 
Alegranza,  S. 
sum. 939 fti..... 
Graceosa, S. W. Pt.. 
Lanzarote, N. W. Pt. 
. S. pt. 
Fuerteventura, N.W. 
Paints .ciie Ud ee 
“ Port Cabras..:.. 
“S. Pt.or Pt. Jandia 


29 28°3 
29 12°7 
29 7% 
28 50 


28 42 
28 29 
28 3 


Canary Islands. 
Grand Canary, N. 
ee 


< Tsleta sum. 847 ft.) 2 
Tenerife Isl’d., N. Pt. 
Anaga Rk....... 
“Santa Cruz, Brit. 
Consulate....... 
“ S. Pt. or Pt. Rasca 
“ Peak 12.172 ft..:; 
“ W. extremity... 
Gomera W. Pt. sum, 


E. | Ferro W. extr. (or 
0 41°2 Merid. of Ferro). .| 27 42°5 
0 69°7] Palma, N. Pt...... 28 51°3 
2 -5 “ Santa Cruz, Fort 
San Miguel...... 28 405 
6° 4: | Corvo, N. Pt... ves 39 43°5 
Flores, N. Extr..../ 39 31°6 
71. 8 Fayal, WoPie aes 38 356 
7 +8 “ Horta, Sta. Cruz 
Castla...3, Ussher 88 31.7 
8 19 
Azores Islands. 
2 ie Pico Peak, 8400 ft..| 38 28 
91g | St.George, S. E. end.| 38 32°5 
Graciosa, W. Pt....|89 42 
957 Tercera suin, 3495 ft] 38 43°5 
993 St. Michael, E. Pt.. .| 87 48°3 
9 4a Delgada Lt.....|387 442 
“ W. Pt. or Pt. Fer- 
WARE Ii hit can o's eh ic 37 DLT 


S. Mary sum. 1660 ft} 86 58°5 


235. 


Lon. W. 


16 39°5 


16 54°7 


16 57 
17 17 
15 51:2 
16 02 


13 3815 


13 32°7 
18 48 
13 47 


14 1 


13 51°7 | 


14 81 


15 43°2 
15 25 
15 34 


15 25°5 
16 85: 


16 14°7 


16 412 


16 39 
16 55 


17 13% 


18 97 | 


17 53°5 


17 445 
31 72 
3118 

28 50° 


28 285 


28 25 


27 46°7 | 


28 4°7 
27 10° 
25 82 
25 40°7 


25 
25 6:2 


aie Cape Verd Islands. 
843 |St. Antonio, N. Pt...J17 12° [25 5&7] 
ane Pia. arora 17 4 |25 22° | 
8 475 | “ Summit 7400 fi..J)17 4 |2517 | 
cee) ws eee 16 54°7 |25 185 | 
eo ve WUPE yo. dak’: 17 565|2459 § 
St. Vincent, 8S. Pt...}16 47 | 24 59 
7 27°71 St. Lucia, N. Pt.....116 49 |24 47 — 
Bianea, N. Pt...... 16 41 |24 415 
7 175 1St. Nicholas, N. Pt..|16 42 |24 205 | 
a v“ E. Pt.|16 345 |24 0 
OB S837 «4 S. Pt.}16 28 | 24 185 
Wiles W. Pt.|16 37°7 | 24 262 
6380 {Sal N. Pt..... 16 51 |22 55 
5 882)“ Martinez Peak, 
OTe e 1 S80'fi sett dp as 1649 |22 56 
“ South Pt....../16 384 (22 57 
Bonavista, N. Pt...|16 14 | 22 57 
“ S. Pt...|15 57 122 495 
« W. Pt.../16 23/22 595 
16 a7 Mayo, N. Pt.....-. 1519 |2812. 


52°2 | 


| 236 


NAMES OF PLACES, ; 
! 


of Spal yee aes 


ee 


Dat. N.|Lon. W 
° / ° 


TABLE XXXIX. 


S. Coast of France. 


/ 


Islands in the Med. below Cape! 


4 3 {\ on. 
Mayo, S. Pt.......[15 65 | 28 105 | names OF PLACES. ri a eiiges Lon. N. | Larck. 
“ +3 ar M ve IN. AT, 
ae ena flag 15 83 | 23 13°2 C, Bearn Lt. 751 ft./42 31 3 ‘ 9) mes reg ee gor ay = Piha | ei : 
St. Jaco, E. Pt....{15 1 |28 26 Fort Brescon Lt....|43 15°55 | 380 {Maritimo Is. 2876 ft) 37 59°5 40 4 
APSE Playa, Quail 1414 64/88/8074 Meee meres Ut ae Seated 8 me BOM z 
“Mt. St. Antonia, Marseille, St. John Sardinia. 

f 7400 ft..........(15 2 12889 | ,, Port... ses. e ee -f 48 ITT] 5 21°7 |Cape Figari sum...)40 599] 9 397 
“ West Pt. extr... [15 17°3 | 23 48 Observatory.. -+ [45 178) 5 222 [Limbarra Pk. 4381 ft) 40 51 911 
“N. or Bighude Pt|}15 19 | 23 46 ae oa aa ote 43119] 514 JMt. Gennargentua, 

Fogo N. Pt...e.-es 15 15} 24 21°5 si, ee Ne rt rai 6102 fea. h ie phe 919 
« Penk, 9760 ft....]14.56 }2420 | maphore, 1341 ft.)48138 | 522 [Mt Seven Brothers, : 
Brava, W. Pt......|14 49°7 |24 452 [© SicieSemaphore./ 43 3°2) 5 51 3186 ft.."......../89 185] 9 26% 

i 6 S. Pha te. 14 46 24 43°7 Toulon Observatory. 43 5 5 56 CO: Spartivento, Ss. pt. 88 52:5 8 62°5 
' _“_ Semaphore.| 43 44 | 5 565 |Cape Teulada sum. 

Bermuda Islands. Titan Is'd. Lt. 246 ft 4828 | 6 307 : TA fi. sod 88 51°9| 8 392 

Dock Yard Clock...)3219 | 64 52 ‘oro Rock, 550 feet }38 51°6 | 8 25°2 
Wreck hill. ......./32 16°3 | 64 55 “puesta ABI COE SS Mount Arcuento, or 

Fricht' $66 thon k 39 147 164 52 U. Camarat Lt. 426 ft}43 12 Oristano, 2713 ft.|89 85°77 | 8 33°5 

5 a ei sh ss 1600 i 43 28 C, Argentera sum...|40 43°7 | 8 90 

' ice, St. Franees Ch} 48 42 Razzole IsI’d. Lt. ...}41 183] 9 20°7 

St. Paul's Islet. Pt. Mala Lt, 225 ft..|43 40 = 

Epeeg? ve Pan hae OC. St. Martin...... 43 43 Minorca. 

} - : 3 a ge Sea ganNS ‘ ape Cabaleria....'40 5 4 7 

{Coasts of Med. Sea.—S. Coast grt hoe A Cape Dartuch....-- 39 55 | 8 51 

£ Spai Pt. Chiapa sum, ...}44 20 eee 
| of spain. Tino Isl’'d Lt. 884 ft} 44 2'4 Majorca. 

Palomos Isl’d......{386 4 526 {Monta  Alltissimo, WP axth Gate Per a 

Gibraltar Mole.... [86.73 ..| 5 21a | 5918 ft....448 '1014 I Gains 4 re : 
uropa Pt. Lt. 150 ft! 36 6°7 5 22 } eS Ee ie 

sin cba del och cthedomtele ane ct! Me Cinlet S. W. Coast of Italy Dragonera Isl'd sum] 39 36 218 
Coast of Morocco. Pisa Leanlug Tower4s 885/10 22 Uiosen to meee (80s ee 
aGoutan bes rs cua 3554 ) 518 iS ea ee FS ae 10 hi Iviza. 

Tangier Consul's ho. | Forgona Isld centre) 43 25'S | Y 53° |-———~ —= | 

Lt a i j ic 85.472 6485 Piombino Palace... .!42 55°7 |10 381-7 Pi Castle... ..../38 543) 1 267 
Mt. Argentario tele.) 49 23.7 |11 105 [4% enserra, N.extr) 89 8 | 282° J 
S. Coast of Spain. Civita Vecchia Lt..|42 57 | 11 44 oe St. Antonio, N. 
Rome, St. Peter’s dm} 41 541 | 12 272 be serra sere ee 39 04) 114 § 

Estepona peweccecce 36 25 5 9 Monte Circello, St. Formentera IsV'd, 8. 

Sierra Bermeja Mt. 3629 | 512 | Felix Church..../41 127 |13 5°2 Pt... s++++-138 88 | 136 

Fuengiro Castle... .} 36 32 437 |Geta Lt. Orlando tr| 41 124 | 13 847 - : rt 

Malaga Mole Light, Ischia I. Castle, E. pt| 40 43°9 | 13 57°7 Lipari Islands. 

125 feet.........|36 435] 426 [Naples Observ. Capo Stromboli Is. 2570 ft{88 46:7 | 15 18°7 
O; Sderatifecsies....(38641. 1 3/283) di Monte. ocies 40 51:8 | 14 15°5 | Volcano Is, Sulphur | 
Corchuna, Castle...)3641 | 825 | « Mole Lt......(40 503/14 157] Works. ........ 38 23°3 | 14 56 
Almeria, Town....]36.50 | 282 Mt. Vesuvius,3900ft/ 4049 [1426 |Ustica Isl'd N. E. pt 

g Cape De Gath Cas'le| 36 43 2 ie Castelamare Lt..../40 415 (14 289] Fort..............{88 433 | 13 11-2 J 

! % ICapr. Is’'d, S. Pt. iat i 

Pt. Mesa Tower... .| 36 55 158 Tt to beer. . 40 32 11411°7 Sicily. 

C. De Cope. .......| 37 25 132 IMt. St. Angelo, 4680 Faro Isl?'d Lt. on E. 

Mt. Roldan........ | 37 25 1 2 Saati gant weee el 4089 11481 extremity....... {88 15°8 | 15 41:2 J 

{ Q. Vatieano Tower..| 38 37°2 |15 52 |Messina Lt........ 8811 |15 84-7 § 

E. Coast of Spain. Soylla: 3. aio ues 38 14:5 115 45 me Etna, STE ft.|37 485|15 0-0} 

————_—— ree rr bons ehh be 16 OT 
Cartagena Mole Lt.| 37 36 0 56 y a= 3 , ‘i 

O. de Palos Tower..|387 365 | 0 40 Rae kip it ~s “pik i. Me 

AC. Cervera........ 88 0 | 038 cS peace? ee dh of 

Plana Isl’d, E. extre. 38 10 026.4 Centa Lt..y2 4.4%. abc 6 0 the pt * ah : 

Alicante Castle Lt..}88 20°77 | 026 |Tetuan Custom Ho.| 35 37 518 Me St 1 ao OTB Ti m 47°8 re 26:2 : 
Mt. Roldan Gap....|/3836 | 012 |Alboran Isl'd.......[3558 | 3 1 Pelerice Obecpett oe te eee 
Cape St. Antonio. .|388 485 | 010 JC. Tres Forea, N, pt. z , wit ip 4 mt be 
| Wai Mids. 2000 Jes. $5.38; f:8 0 Jo.) 9) ee he ee 
Cape Cullera Tower|89 12 | 013 |Zafarine Isl’'d. sum. a1 eee qcied na 3648 119 2 
} é 2 Fe ONAN SD Wau . Actohg CA iO Hh x 
Valencia Lt....... 89 286] 0 24 W. end 35 11 2 25°77 Linosa IsP'd. centre.185 51:8 112 62 
EyPt Abuja, 2050 ft..| 385 53 0 29 ple: tr 35 39° ae 
C. Oropesa Pt. tower} 40 5:2] 0 10 E. L AAP Y oe In Gre ; oe eae ah 
Columbretes Islands Algiers Mole Lt..../86 473 | 3 45 pr pedupa tai Staite Lea 35°2 ; 

N. Rock...2....|89 54 044 {IMt. Azafoun, 4360 ft.) 36 50 4 25 Malt : 
Port. Alfaques, San Mt. Babor, 6200 ft .|86 34 | 5 28 ck ( 

Carlos.,.........{40 377 | 035 |Philippsville Lt....}38652°3| 653 [Valetta Palace... .}35 53°38 | 14 31-2 
Tortosa Cath......./40 488 | 033 [Bona Lions Pt. Lt..|386 545] 7 465 Spencer's Monument'35 53 |14 307 F 
Tarragona Lt...... 41 7 | 116 |Galita Isl. Pk. 1240 St. Elmo Lt....... 35 54:1 | 14 315 & 
Barcelona Mole Lt.|/41 226] 211 feet........2+.-./87 812] 8 55:5 |S. E. extre, Pt. Della 
Monserrato Mt....|41 34 | 155 |Bizerta Castle..... 87166| 4492] Mare.......-../85 49° J 14 34°7 | 
Cape Tosa Tower. .|41 43°2| 258 |Cape Carthage Lt../36 52-4) 10 20:2 G ong. 
C. St. Sebastian sum] 41 53 313 |Zembra Island sum. 0za. 

C. de Creux, E. extr. 1551 ft........../8710 |1048 |N. W. Pt. or Cape 
42 192! 320 {C.Bon Towerll76ft} 387 48)11 35 Demetri........,|386 4 |14 8 


Lar. N. 
NAMES OF PLACES. |"“o "7 
HC. Spartivento.... [87 56 


C0. St. Vito Lt.....]40 24 


etn anal + 2a ote 


Coast of Naples. 


C. Otranto, (E. Pt. 
of Traly) 


sev eeeee 


TABLE XXXIX, 


W. Coast of the Adriatic. 


a Mt. St. Augelo.....)41 43 


Tremiti 


@ Colonella sm, 1080 ft. 
§ Ancona Lt 
A San Marino, 2460 ft. 
f Venice, St Mark.. 
f Trieste Light Castle. 


Whe 


Isl'ds Mid. 
Castle...... 42 
42 
43 
43 
45 
45: 


o 


§ EE. Coast of the Adriatic. 


A Savsego Isid sum. 


SoU 160Gb s is cb es «| 44 30°9 
Vella Strazza, 


1070 feet 


e2eeceeee 


f Meleda Isl’d W. Pt.|42 47 


@ Molonta IsVd sum. .|42 299 


y Vetergnach, 3960 ft.) 42 19 


4 O. Linguetta, 2290 ft{ 40 26°7 
| Mt. Ciea, 6300 ft... 
a Parga Citadel..... 


Fano Is?'d S.W. sum. 


per ee ae ee 


§ Mt. Nomali, 8750 ft 
# Cephalonia, N. extr. 


f “ Mt. Skopo, 1439 ft] 87 44°6 


aC. Rodoni, 400 feet..| 41 87°6 


Coast of Albania. 


4) 15 
39 164 


Ionian Islands. 


139 50% 
Corfu Citadel Lt.. .|89 37 
M. St. Giorgio, 1326 


feet 


oe ees ewese 


38 416 
38 285 
388 $5 
37 565 


Mt. Elate sum. 5246. 
SOE SR, Dik if SRA SG 
“ Mt. Yeri, 2274 ft) 37 50 


Islands in the Archipelago. 
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Coast of Asia Minor. 


W. Coast of Greece 


4 Oxia Is. Pk. 1257 ft) 38 18°7 
) Lepanto cn. Minaret) 38 28-4 


i Morea Castle, centre 
aC. Katakolo 
A Stamfanes Isl’d Lt..} 
# Navarino Mosque. . 


38 13'5 
37 877 
37 15°38 
36 546 


see ener 


# Mt. St. Nicolo, 1627 


iC. Matapan 
HC. St. Angelo...... 


y Cerigo 
& 


E Ovo Island, 550 ft. . 
§ Cerigotto sm. 12380 ft 
# Mt. Krithina, 2600 ft. 
PKravi Island 


A Bello Poulo sum... 


# Sapienza Isl'd sum.. 


h Pirseus, 2 Lts..... 


36 53 
36 45 
36 57 
36 28 
86 26 
36 23 
36° 77 
36 55 
35 50°1 
36 28:2 
36 46:1 
86. 50'9 
86 54°9 


feet... 


"ee ese 


Mt. Makrino, 7900 ft. 


Isld N. Pt.. 
ef (SSPE 


oe eee 


Faleonera Isl’d sum, 


(21 47 


9 
Hod Varna Mosque, mid. 
ie Danube R. Soulineh 
‘ Mo. 
es ak Serpent Island Lt.. 
21 A1-7 On Fontane Lt 
7 Odessa Cuth...... 
Tendra Isl’d N. end. 
C. Khersones Lt.... 
Sevastopol Ch 
Mt. Tchatirdag S.W. 
Kaffa, or Theod 
Cape Takli Lt 
Kerteh Ch 


45 9°93 
45 15°5 
46 22° 

46 28°9 
46 21°7 
44 35 

44 37°9 


see ee 


21 42 
21 412 
22 212 


44 44 

45 16 
45 59 
45 21:2 
45 25°1 
47 12°2 
47 7 

44 54°1 


. 


~ 


osia. 


or ce 


Oc =Tb 


"2 
( | eee ee 
2 Pe aris 
9) an é ( 

“7 a Anapa, E. Ch 
9 27-7 High Summit, 4 ml’s 


Coast of Greece. 
37 562 
37 58:1 
37 38:8 


Athens Parthenon. . 
0. Colonna Tm. 269 ft 


7 


43 17 
41 89°4 
41-1 
“ids ase 
41 20°9 
41 138 


SECC apart ee Soh 
C. Batoum Mosque. 
Trebizonde, E, extr. 
23 380 [Sinope Castle..... 
23 43°7 {Cape Baba 
re Be hs I 


Asia Lt., eutr. Bosp. 


BERN, odin» o's, 34 32°8 


Egypt. 


oro ee 


29 40°5 | Rosetta, Engl. Cons. | 81 24°3 | 80 28 
30 14°2 |Aboukir Castle..../81 205 |30 57 
30 45°59 |Alexandria Pt. Eu- 
30 54°35] nostos Lt... ... 31 11°5 | 29 51°5 
3132 tArabs Tower...... 30 577 | 29 33° 
Ne MA CN AC: ila ga 82°57 | 21°38 
33 29°5 
Barbary. 

84 172 Jy NeXt WV URieT Wedinic 
35 O4 ebel Zawan, 3917 
36 27 i] hae 3623 |10 5 
36 29°5 Tripoli, Pasha’s Cas. 2 53°9 | 13 11:0 
36 39-9 \Jebel Thelj, N. E ; 

.| 34 25 9 52 
88 57 SUM. 6.055 ae z 
39 965 Kurvah Isl’ds, N, E. “ 
37 185 jf Ty ee 35 48 LL a 
491: Shores of the 8. Atlantic Ocean 
41 3% —W. Coast of Africa. {§ 
39 46 >| 4 
35 12:5 |Cape Lopez....... 0 36 8 48 
81 26 |Loango River ent...| 4 895 | 11 45 
29 94 |Congo River, S. ent.| 6 46/12 16 


ar 


Lon. LK. y : f 
o ¢# | NAMES OF PLACES. oes oe ati NAMES OF PLACES. eo : oa 
16 4 |Hydra Island sum. Tenedos Isl'd N. W. 
17 13 1939 ft........./37 19°5 | 23 28 BUM: CSRS ades 39 502/26 5 § 
St. George 8.E. sum Mt. Ida, 5750 feet. .|39 42 | 26 50°5 | 
18 29°17 Rare Sith. Ces ch 37 28 | 28 56 Mitylene, E. Pt.....|39 07 | 26 377 § 
Zea Isl’d, Mount St. Smyrna Mill, on 
BAS Vai: Sites «i 37 37°38 |24 217] Daragaz Pt..... 88 265 |27 9-7 
15 57 “ Port St. Nicolao It} 37 39°4 |24 20 }Samos, W.sum..../37 43°8 | 26 88°5 
Hermia Island sum. “ M. Kerki, 4725 ft 37 48°7 | 26 887 
15 30°54 966 feet........ 37 26°2 | 24 23°7 | Nicaria Beacon 3390 
13.52 |Milo, Mt. St. Ki-as on Webat. fork eues 37 32:2 |26 -4°7 
13 3054) S. W. Pt. 2450 ft.|36 40°5 | 24 235 | Patmos, 8S. Pt. ...(3716 | 26 347 
1229 |“ Port W. Pt. Point Mt. Samsoun, 4130 ft} 87 89°8 | 27 9 
TAOPIT CV ADs. husekee 36 45°3 | 24 22°7 |Kos, Mt. Christos, 
13 465 | Paros Island, Mt. St. 2 IBOHE ee seis um s 86 50. | 27 14:2 
Elias, mid. 2530 ft! 37 2°7 |25 11°56 |Rhodes Lt......... 36 26°9 | 28 162 
Syra Island sum. E. iW Su Pace 86 87 | 27 438°2 
side, 1415 ft....|387 28°9 | 24 55°7 aes 
14 18-9 Andros Island, Mt. Candia. 
"| Kovan, 3200 ft.. 37 501 | 24 50° Candia, Minaret Lt..|85 21 25 82 § 
is 2 C. Dora, islet off...|388 94124 36'3 “Ba eete Cl. Sala. 
4 Mt. Delphi, 5730 ft. 38 ye! 23 50°7 THN CA edhe eee 85 9:2 196 19°5 ; 
Lp 45-7 goers Isl'd, N. end MN se ctv Ap LAA sneer lo 85 1383/2447 § 
Velhy ee. pean 38 Aoi 24 BT? |Gozza Isl'd W.Pt..|84 52 [24 22] 
18 23°5 fare "Peli Par --|38 45 | 2 Boudroom Castle..}387 2 |27 27:54 
18 52 me (Patras), sty Seraterth 3 Berets Cape... .|36 43°9 | 28 20°7 § 
2 ~ eeeeseoes| t “ e ohes QR 1 ¢ a 9 ) § 
19 282 ne Gsen (Kessova), Highestsum. 5980 ft). 36 31's 129 1429 
6407 ites... Seas] OF £5 22 42 ng ; 
N Mt. Olympus, 9754 ft}40 4-7 | 22 22 Coast of Karamania. 
19 17°'7 ISalonika. .......- | 40 39°8 | 99 57-2 | Mt. Takbtalu 7800 ft.| 86 31°7 | 380 28 
1985 10, Cassandra...... 39 567 | 28 22:0 ]C. Anamour, 8. Pt. 
20 23°5 Mt. Athos sum, 6349/40 95 | 24 20 of Asia M.... |36 08 | 32 49 
Lemnos, W. Pt..../39 587 |25 2 jAlexandretta Con- 
“ S, Pt....139 466 | 25 215] sul flag staff... .| 36 853/36 9 
19 20 C. Khynzyr, 5550 ft|36 16 | 35 52 
19 55° Turkey. Aina yas Pe - 
Dardanelles, AsiaCs| 40 9 |26 24°5 Syria. 
19 48 tallipoli Lt....... 40 24 |26 397 {Bairout, Brit. Con. .133 545 | 35 28 
Marmora Isl’d S. W. Tyre 5 aia afratanante) Masel aieine $3 17 36 12 
20 9 BUR. na die Zev 40 36:5 }27 85 {St.John d’Acre, Bas- 
20 ee Constantinople, St. tion, Marine gate.|/382 55 |385 25 
ieipaiehal Pate Quel it gee ae ea 44° 0-3) 2000 Demers te an a 
20 33 Papa, or Kalolimno Island of Cyprus. 
20 41 | Isld N.sum.....}40 33/28 82 {West extr. © Epi 
zo sie Buyuk Dereh, N BINS. ke ks 35 63 | 382 145 
20 44.2 Mimpuetiey eee is 41101/29 3 {[N. and E. extr.C.St. 
20 57 Bosphorus, Europe It} 41 14 19g 4 BEOTCRLS Scie ss, 8 85 41°7 | 34 35°5 | 
Saree ak) hE OT A S. and E, extr. C. 
ei Black Sea. 32 59°7 | 
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NAMES OF PLACES. 4 
St. Paul de Loando, 


St. Philip de Ben- 
guela flag staff.. 
Cape Negro, 200 ft. 
Diaz's “pillar. ; 
Mt. Colquhoun, 17 or 

} 18 L. inland.. 
Walvisch B. Pelican 
point. . 


| Angra Pequena, Pe- 


Cape Voltas...... 128 44 


Koussie R., limits of 
Cape Colony....| 29 40 
Elephant’s River.. ./ 31 38 
Cape Deseada..... 32 18 
St. Helena B., Point 
St. Martin. ... 
Saldanha Bay, N. Pt 
Dassen Island..... 
Robben Island, S. pt. 
Table B., Green Pt. 
two Lights..... 
Devil’s Peak, 3315 ft. 
Cape Observatory. 
Cape of Good Hope 
Point, 800 feet... 
“ Lion’s Head..... 
Simon’s B. dockyard 
Cape Hangklip Pt. 
1800 feet....... 
Dyer Island centre. 


02 40 


33 56 


34 22 
38 56 


Cape Agulhas, S. ex- 
tremity of Africa 
Light. .)29auxis< 


Fort St. Mareas Lt. 
Mt. Melaneias Peak, 


sand hills... Gk Ste 
Point Macoripe Lt.| 3 41 
Morro Tibad, Red 
S.eand bill... os... 4 49 
Cape St. Roque....) 5 28 
f Pernambuco, Fort 
EIGAG ci, Uecdcw ks Dole 
PO. St. Augustin Ch, 
BIA MI.. cee owl: SOLE 
Mt. Sellada, S. Peak} 8 25 
§ Mo’nt Masarandupio 
10m. inland. ....| 12 24 
Bahia, St. Antonio 
Light. . sec TB -0°7 
Abroihos Isl’ ‘as. lar- 
gest E. summit../18 5 
Mt. Pascoal s it} 16 54 
Morro San Ju 
lated. . j 22 32°5 
rai Frio, S. ~ Lt. 23 13 
Cape Negro Point. .| 22 57 
Rio Janeiro, fort Vik: 
lagagnan........| 22 547 
St. Sebastian Island, 
South Point.....| 23 57 


St. Catherine Island, 
North Point... ..| 27 

Rio Grande de Sul, 

E. Point Light...|32 7 


Lar. S. 
; 


12 33°9 
| 15 407 
| 22 83 


22 525 
Hollam’s Bird islaied 24 $4°% 


33 1°7 
33 262 
33 48:2 


33 53°2 
33 572 


34 11:3 
34 23°8 


84 43°7 
Quoin Point......./ 84 488 


' Maravham Cath....} 2 31° 
2 


/ 


13 13°5 


13 24 
11 58 
11 58 


14 27 
14 32 


destal puint..... 26 884/15 8 


16 382 


S. Coast of Africa. 


17 10 
18 12 
18 23 


17 59 
17 54 
18 67 
18 22°7 


18 24°5 
18 381-7 
18 28°7 


18 29 
18 24 
18 26 


18 50°9 
19 28'2 
19 41°7 


44 49°7|20- 0°7 


W 
44 18°7 
44 18 


39 18 
38 29 


37 18 
35 16 


34 51°7 


84 56 


35 11 
38 4 
38 31°7 


38 42 
39 20 


42 0 
41 58°2 
42 39 
43 9 


45 15 


22°5 48 25°7 


52. 8 


Lon. E. 


TABLE XXXIX. 


NAMES OF PLACES. 
Great Castillos rock 


(like a sehooner).|34 24 |53 46 
Cape St. Mary...../84 89 |54 9 
Maldonado Tower. .| 84 53°5 | 54 57°7 
Flores Islands Light) 34 56 | 55 55 
Monte Video Rat Isl) 84 53°38 |56 13°5 

o summit. .}34 53 |56 15 
Colonia Light.....}34 28 [57 49°7 
Buenos Ayres mole 

landing place... .| 34 85°5 | 58 22 
Pee Tadide ss cs. eas 8515 |57 9 
Sierra V entana,3500 

FeGte ys Ooo 3 ES 388 117] 61 565 


Sierra de San An- 


tonio, 1700 feet. ./41 41 | 65 12 
Pt. Delgada, 200 ft. 
rege UAC Ut ne 4246 | 63 37 


E. Coast of Patagonia. 


Salamanea Pk., 700 


FOGhiot aices seas he ve 45 34 |67 20 
C. Three Pt’s 2000 ft} 47 6 |65 51 
Monte Video, 300 ft. 

4m. inland...... 48 14 {66 26 
Wood Mt., visible 11 

leagues. ........{49.13°7 | 67 45 
C. Fanweather, 300 

feet, So Piss te, 51 32°1 | 68 55°5 
C. Possessivn, rid. 

800 feet.........(/52 17 }68 567 
Orange Peak...... 52 283 } 69 255 
Port Famine observ 53 38°38 | 70 58:2 
Mt. Saimento, 6800 

feet, two Penks. .|54 27°2 | 70 515 
Mt. Buckland 4000 ft} 54 26 | 70 22°7 
Cape Tamar....../53 55°5 | 73 485 
Staten Island C. St. 

John... 2.20. -f 64 42°8 [53 435 
Cape Horn 500 feet.}55 59 167 16 


Lar, 8. {Lon. W. 
a"; NK 


_ | Cape Agulhas, S. ex- 


Islands in S. Atlantic Ocean. 


Ascension, Barrack 


square..........| 7555/14 255 
1Green Mt’n 2820 ft} 757 |14 21 . 
Cross Hill 850 feet.| 7 55°7| 14 25 

St. Helena, Diana’s 

Pk. 2700 feet... .[ 15 57 5 42 
Obs'rvat’ry, showing 

Qu MM. Tia cweereet 16.55 5 44 
Fernando Noronha, 

SOW PE cuatro B1D 2a bee. 2S 
“ Pk. on S. E. side.} 3 50°4 | 32 255 
Trinidad Isl’d S. Pt} 20 381 | 29 19 
Martin Vas Rocks, 

large one.......{20 28 | 28 51 
Tristan d'’Acunha 

waterfall N. side 

middle: 2.222 JcH8T: 6-13 |-2 
Inaecessible Islands, 

West one......./387 16 |12 52 
Nightingale Island.}27 26 [12 8 
Gough’s Isl'd 4385 

ft. N. Point....../40 19 9 44 

Falkland Islands. 
W. Falkland, Port 

Steph’n’s entrance 

EK Pt. summit...{52 11 [60 41°2 
C. Tamer N. cliffsum| 5] 17 | 60 52 
Eddystone Rk 200 ft}51 10 |59 25 
East Falkland, Port 

Salvador, Shag 

Island entrance. .| 51 23°7|58 19 
C. Carysford, N. B 

1 25°2 |57 505 


cy a ah pte, 


NAMES OF PLACES. an 8 ae i 
Port Louis Settle- 
ment, flag staff. . 
C. Pembroke beacon 
op 8S. E.........{51 407 157 42 
Port William, Gov. 
Store House .... 
Beachene Isl’d, 200 
feet S Point... | 52 557 59 12-7 § 


58 7 


51 32 


5141 [57 515 


tremity of Africa 
C. St. Blaize, S. Pt. 
of Mossel Bay eH 
Plittenburg B.S. Pt}34 4°8/ 28 2: 
Cape St. Francis.../384 10 }2 
Cape Reeif Light.. .}84 2°2}25 41-2 
Algoa B. Commuand- 


34.49°7/20 U7 | 


34. 69} 22 


ant House... ... 83 57°5125 395 
“ St Croix Isl’d Pk] 83 476/25 46:5 § 
Bird Island, E. one.| 33 521/26 18 
Port Hood. .....%8. 33 38/27 58 
Cape Natal....... 29 538 431 2:2 
Port Natal, S. Pt. of 

Buy.cyagabees 2953 |31 2 
Cape adal | ees hs 28 96) 32 38 
St. Mary’s Isl'd.N, pt| 25 58:2[33 25 
P. Melville, Elephant} 

Isl’d, S. W. side, N. 

Pointe. Sei ta beg 2558 |32 575 £ 
Cape Corrientes.../24 75/35 305 f 
Mt. Cockburn...., 1629 138856 f§ 
Port Mveamba, N 

Pt. Pk. 2000 ft..115 6 [40 35 
Mozambique, Saint 

George’s Island../15 22140 485 ff 
Mount Puoo own ‘1450 |4095 
Loguna Peak. ..... 14 23 |40 37% § 
©. Paman, Hull Rk} 1010 {4010 & 


Madagascar Island. 


S. extremity of Cape 

St. Mary. 3 
Leven Island, centre I 
Murderer’s Bay, N. 

Poink. < Sesh .c 237195 
Cape St. Vincent. .} 21 544 
N. W. extremity, or 

Cape St. Andrew,} 16 1)4 
Cape St. Sebastian, 

(Island 5m. off the 

Point) 
Woody Island. ....|12 167 
Amber Mountain. .| 12 84°5 
Port Leven Lingo rk 12 4h'5 
Mananhar 'l'able Hill! 14 39°7 
Tangtang flag staff.| 16 42°5 
Plum Island, visible 


45 7 


ORES BP. 
2 44 18 


5 889 
25 125 

43 18 
43 205 | 


44 51 


48 45°7 
48 41-2 | 
49 11 
49 542 | 
50 357 
49 46°2 


5 leagues. ‘ates 18 28)49 292 
Port Dauphin flag 
ataff, |. 2% sila da 25 13)47 22 


Isl’ds in Mozambique Channel. 
Island, or 

22 225/40 24-2 | 
17 35/42 50 


Kuropa 

Bassas da India. . 
St. Juan da Nova.. 
Mayotta, Valentine 


Poeakivss.pasns 12 54 |45 15 
Jobanna Isl'd Pk. E. 

FOOAIRL oct a 4a altace 1215 |44 295 
Comoro, 8. E. Point} 11 54 {438 33 
Assumption Island, 

hummock on 8.E. 

946 /|46 34 


part. ... .eeeeee 


Coast of Africa (Continued. ) 


NAMES OF PLACES. 
Mt Trinidade 1200 ft 
Zanzibiur Isl’d S. Pt. 
Waseen Peaks, mid- 


HARES HO.» canto 
Mt. Gibbous....... 
Murot Hill..... rh. 
K. extrem. of Africa 

Ras Hafoon 600 ft. 

East Point...... 


C. Guardafui, N. FE. 
extrem. of Africa. 
Toeotra, W. extrem- 
ity Porat: 22223: 
A“ S. W. Point, Ras 
Kattanie, summit 
1465° feet..2..:: 
Ras Feluk 800 feet. 


f Lon. E. 


39 44 
39 33 


39 22 

41 28 
“E. 

46 17:2 


51 16 


53 18 


53 32 
50 51 


12 22°5 
12 0 


CO. St. Antony 2772 
BEG ioe 620 0,» 


Calicut Lt. flag staff 
©. Comorin Point, 8S. 

extremity of India 
BS Peak. site Cheste take we 


.| 12 41 


S. Coast of Arabia. 


44 10 


C. Aden, sum. 1776 

TOPS tL act... eter 12 45 |45 3 
N. Barnlike Pk 5284 

CS ae 14:4 |47 32 
Jebel Jin jeri 1300 ft) 17 3 | 54 53 
Kuria Muria Isiands, 

W. one, Haski pk. 17 27°2 | 55 85°7 
Mazeira Isl’d, S. Pt} 20 76158 33 
C, Mussendom, N. pt.) 26 24 | 56 34 
Great Quoiu 300 ft) 26 30 |56 33 
Asses Ears 5m. inl’d) 28 29 |51 14 
Hummocks of Kenn, 

SOUR css Fach 28 4.151 41 

i) High Clay Pk. white] 25 23 | 62 30 
Conical Malle Pies e v3 20567 17118 
Cambay flay staff. .;22 17 | 72 855 
St. John’s Highland) 20 2 | 72 48 
Terrpore Point.....)19 62 |'72 40 

| Bombay Obs’ rvat'ry 18 53°7 | 72 48 

- Lighthouse} 18 51-7 |'72 47-7 
Rajapour Harbor or 

Rajah Point. .... 1816 |73 0 
Goa, St. Ann’s light.| 15 283 |'73 51:2 
Barsuli we Pk. 4459 

1GbbES etek 13 50 |%74 51 
Mount Dilly....... $2) 2 4-75"11 


11 15°2 |'75 45°5 


77 30 
17 305 


8 5 
8 23-2 


Calpeutyo Fort. ... 
Colombo Light... 
Pt. de Galli fl. st. It. 
Adam’s Pk., 7000 ft. 
S. extr. Dondra Hd. 
iE lephant. Rk. inlaud 
Friaz’s:- Hood...... 
Trincomalee Light. 

Palmyra Poiut..... 


Island of Ceylon. 


815 |79 45 
6 56°1|79 49 
6 18/80 11 
6 52 | 80 29 
5 55 |80 384 
6 24 |81 32 
729 {81 40 
8 33°7|81 14:7 
: 49 |80 14 


Piattay in tha Avehian Sea.--- 
Lacadive islands. 


A Aneutta, mit 


ea lu dl T2 10 
PEILtAN, ob 02. a ee Lb ion 
Maldives. 
Containing 19 Atolls, or Groups. 
Maleoli Atoll, Nue 
EXURAL. . stat Sie ees 6 245 |'72 40 
529 172 54 


Elephant Pt. Pagoda 


NAMES OF PLACES, ° 


TABLE XXXIX. 
Lon. N. Lat. E. 


Lat. N. 


NAMES OF PLACES. 


Male Atoll, E. extr.| 427 |7342 |Rangoon city, Dagon 
“ Kings Is’ld flag- Pagoda.? 2 chek: 1647 | 96 10 
staff, N. side....] 410 |78 29 |Martaban......... 16 32 | 97 35 
‘ae 7) ea Maulmain Pagoda. .|16 80 | 97 87 
Aimirante Islands. Amherst Lt, to be.{16 5 | 97 33 
Mt. sum. inland....)16 1 97 85 
8. E.)The cone, vis’ble 16/14 1 | 98 24 
St. Joseph Island. | 5 27 |53 30 |Tenasserim Island. .| 12 34 97.49 
Seychelle Archipelago. a pene cas 
Totrn le Tee 7 46 98 18 
Frigate Isl'd, E. extr Pelor Paras: 435. 542 | 98 56 
550 feet........ 4352/56 1-2 {Penang Island sum 
Foquet Isl’d, S.extr| 527 | 71 46 2718 ft..... .... 5 25 |100 14 
“ Cornwallis fl. st.| 5 25:1 {100 19°7 
Chagos Group. Pulo Dinding......| 416 |100 35 
es alangore Hill sand 
Diego Gardia, 8. Pt| 726 [7223 7 Fort........... 820 101 22 
. Parcler Hill sum..| 252 {101 25 
Cargados Garajos. C. Rachado, vis.7 L 226 {101 50 
frigate Island..... 16 386 {5933 |Mualacca flav si. 2 10°5 {102 14°25 
Siren Island.......}1628 |59 87 |Mt. Moar sum. 159 1/102 40 
Aika: +. te Ck ae. va Meat Kormvas- 149 |102 54 
Islands in the Indian Ocean. |Pulo Kissang, 200 ft| 128 |103 18 
= <> on joingapore Battery..} 117 |108 50 
POE cect eee inc Bavbukit Hill, 645 fy 124 flog 11 
Pee. ; x edra Branea, or 
Mowe. oe te : : Horsburgh Lt. . 120 |104 238 
Botte, 2600 ft... .|20 11:7 | 57 86°7 , 
As ca Bintang hill, 1200 ft 1 5 4104 26 
Bees: p> Veorors 20 941 67 31°7 Preparis Isl’d Cow & 
Bourbon Isl’d, S. ex 21 24 | 55 40 Calf, N. end... .| 1456 | 93 38 
Bouvet’s Island... .| 54 20 5 24 ee Andaman, N. 
Thompson’s Isl'd. . .| 53 56 reper. (hor Es peers 1S 84°) 08.24 
Prince Edward’s Is. Bt PEE iad bicae oe 
> yi SWeIN oe eae 
ae cerns 46 4001 310084 Naroondameyia 1Sd;aRiNe wy )-Ome 
Marion an rozet's Lj : : a ad 
Island.......... 46, 944/50 2B 4 ettle NicobanN. Pty eras oaias 
Kerguelen’s Land, N G. Nicobar, 8. Pt... 3.45 | 938.54 J 
Pegemeae <x ois: 48 41 69 6 
C. St. George. .... 49 54 | 7010 _S. W. Coast of Sumatra, | 
St. Paul, 700 ft...../88 43°8 | 77 88 |Golden, or Queen’s | 
Amsterdam summit, Mt. 8280 se eeeeee 5 22 95 45 
nayts shite ae On 37 52 "47 35 |Achen Head...... 5 36 | 95 11 
Keeling Island, S. Goonung Louse 
Group, S. Pt.....[12 126] 9654 | 11000 ft........ 847 | 97 15 
Direction Isl’d S. W. he is oil toes wits 215 | 97 46 
PEGs oor ee e. 12 64] 96:58 4Pulo Babi......... 144 | 97 387 
Christmas Is’d..../10 31 |105 38 {Mt. Ophir, vis. 37 1.| 0 * 99 va 
= z > Ft. Marl- 5 eaters 
. ‘ orough..... j 3 47 
Negapatam flag st.| 10 45°6 | 79 50°5) Rajah Bassa, 1600 ‘ft 549 1105 4 
Five White pagodas) 10 49 | 79 50 |Java Head........ 647 |105 13 
Pondicherry Lt....| 11 55°7 | 79 49°2iKrakatoa Pk. 2690 ft 
Madras Observ....|18 41} 80 14 South end....... 6 9 |105 29 
“ Light Ft. St. Geo) 138 4°7 | 80 16:2) Anjer flag staff 6 32 1105 57 
Coringa, town Lt...) 1649 | 8212 |Banea, Parmesang 
Jugurt naut Pagodas, hill, 1250 ft.....| 288 |105 53 
Largan. j:¢ ojcm bore 1950 | 85 56 | “ Monopinh.1640f| 2 0 |105 12 
Black Pagoda..... 19 52 86 8 | “ Goonung h. 2600 fi 2 386 [106 49 
Frise Pt. Lt. ...:..).. 20 19°4 | 86 44 
Mypurra Isl'd, S. Pt 20 413 | 87 7 Coast of 
Pt, Palmiras....... 2041 | 87 9 |Bantam flag staff..{| 6 1°7 [106 10-7 
Lower float’g It. ves} 21 3 | 8812 |Mt. Karang, 6000 ft} 616 {106 5 
Upper float’g It. ves} 21 26 | 88 4 [Batavia Obser.....| 6 8 |106 50 
Kedgeree Lt......| 21503 | 87 55°7/Mt. Gede, 9380 feet. 107 0 
Saugor Island Lt. Mt. Chermair Peak, a 
ipod «. sonatas 21 372| 88 1 9730 ft. 108 26 
Caleutta, Fort Wm) 22 33:5} 88 19°2iMt. Fegal, 11000 ‘ft. 109 15 
Chittagong flag staff} 22 20 | 91 47-7|Mt. Soumbing 10.700 
Table land, 8300 ft.) 21 9 92 23 foebtyo: 5 eles & 110 4 
Akyab harb. fl. st..|20 84] 9254 [Samarang flag staff} 6 573 |110 27 § 
Great Savage Lt...|20 52] 92 53°7/C. Sedano Pt. 4480 ft} 749 |114 30 
Kenain kown pk...[1948 | 93 28 [Mt. Idjeng, 9600 ft) 8 8 {11414 ¥ 
Cheduba Isl'd, 8. pk. Semiru Mt. 12.000 ft} 8 8 /|112 58 
TT10U “Mt... neank ene se 93 41 JArjuno Mt. 11.930 ft} 748 /112 37. 


16 23 


Lon. E.} 
° / 


96 21 fLombock P.11.400f] 8 26 


rer 2 


116 25 4 


1 240 


Coast of China. 


TABLE XXXIX. 


Lat. N. Lon. E. Bald Head vis. 12 1. 


NAMES OF PLACES, 


Great Lema, E. Pt. 
i Lantao Pk. 3050 ft.| 22 16 
Macao flag staff. ... 
Canton Eng. factory 
Hong Kong summit. 


N. W. Pt. 1825 ft}22 15 |114 22 
A high sum. 2810 ft}/22 31 {114 32 
I'lable Hill, 1767 ft.|23 89 |117 9 
Amoy citadel. .... v4 281118 4 
Mt. Keu-sau pa 
760° feets eiets tas 24438 |118 88 
A Double Penk “Is? ‘d, 
f W. Pk. 1190 feet) 26 386 {120 11 
Montague Isl’d, K. pt 
(40 tebte a eee DONT Omi hz vo 
#Chusan Isl’d S. extr.)29 86 |122 8 
“ Chookea 1170 ft.}29 54 {122 25 
Formosa. 


f Formosa 8. Point.. 
Table Hill, 860 feet 
Sum. atv rd 2800 


E. extr. of Formosa.| 2 


; Mt. Morrison, 10,800 
TORU. cha!e siete a tree 23 50 20 438 
Double Pk., 3m. in- 
land, vis. 17 leag.|22 50 {121 8 
Borneo. 
Mt. Tatau, 1900 feet] 38 2 |1lyv 59 
Mt. Silungun 1500 ft} 850 {118 49 
Mt. Mulu 8000 feet.} 4 7 115 10 
Borneo City....... 450 j114 58 
Labuan Isl’d, W. pt.) 5155115 7 
Castle Pk, 1500 ft.} 547 [116 1 
A Kici Balu Mountain, 
f 18,700 feet...... 6 8 {116 36 
; Mindora. 
High Mtn 3126 feet} 13 23 {120 48 
Mt. Calavite 2000 fif 13 28 [120 34 
| Philippines. 
a Pt. San Diego. .... 13 58 [120 88 
Manilla Cath. and Lt} 14 86 |121 0 


Coast of New Guinea. 


S. 

i Cape Sapey, summit 
Byo020 feeb. .00%.. 3 387 

Hisland C. Katomun 
summit 8940 feet) 3 59 

) Lamanehiri hill, N. 
fF =6W. sum. 3225 ft..| 3 46 
H Lakahia Mt. 4564 ft) 413 
HA hizhsum. 9000 ft) 4 9 

iMt. Cornwallis visi- 
ble 9 leagues. ...| 9 27 
Aird Hill, 1260 feet} 7 28 
Mt. VictorialO lin| 8 9 


BC. Rodney, S, 


K. 


132 30 
182 44 


134 3 
134 52 
135 33 


142 35 
144 35 
146 50 
1148 80 


[Steep pt. W. extrem. 
| ity of Australia. . 5 
i Mt. Fairfax, 582 feet 


Mt. Peron, 3 1. inl’d\30 7 


: Swan R. Scott's jetty|82 3°3 |115 45°5 


“ Perth Goy. House) 
50. Chatham, vis. 10 1}. 


ane 


26 L1.2)67 
28 45°4 1114 41°79 
Y Wizard Peak 640 ft/28 29°7 1114 47 


115 9 


31 5741115 62°7; Albatross Is. 125 ft. 


116 e 


Bald Island summit} 384 55 


Portions. 8, 34 24 
S. 

Esperance B, W. pt 

Taha e ee 33 56 
Mondrain Island, S. 

STOTLOYS 3) | (re 3410 
Middle Island, S. W. 

summit.. LETR Sass 
C. Pasley sum., | 1gm, 

inland suse | 383 56 
Ad. of Great Poste a- 

lian Bight...... 31 28 
Island of St. Peter 

SOW? Poingy xs 32 22 
OuRadstock 44 Ss. Sonia 


Pewrson’s Is?'d 2 pk’s 
Greenly Isl'd Peak, 

OOU feeb, Seiya ic ois 
Beagle Island, th nk 
hy bsatle Isl; ind, vis. 12 

leagues, 8 are es 
High Islds vis. 4 1.. 
C. Donnington. .... 
Mt. Brown, 8000 ft. 
Tronbridze Hill... 
Prt Adelaide, It. ves 

6 POND Eels ose 
Mt. Lofty, 2200 feet 
Glenelg flag staff. . 
Kangar oo Isl'd, Mt. 

Torrens. . 

Mt. Garnbier, | aie eis ee 
C, Otway Lt. 3038 ft. 
Port Philip, Pt. Ne- 

Pea io), Eateentare 
“ Melbourne, Bate- 

man’s hill’. 7 gua: 
S. Pt. of Australia. 
Mt. Wilson, 2350 ft. 
C. Wickham, N., Pt. 

summit, 595 feet.|39 35 
Bk. Pyramid, 240 ft} 40 28 
Curtis Isl’d 1060 ft. 

Peak .Uiais Saae 39 28 
Kent Isl. S.W. end It} 89 30°2 
Barren Island, Mt. 

Munro 2300 feet./40 28 


33 57 


84 35 
34 49 


36 6 
385 22 
34 438 
382 80 
35 «8 
34 48 
54 55 


34 585 


.|45 50 
37 52 
38 51 


38 18°5 
37 48°6 


39 8 
39 4 


Lar. N, 
NAMES OF PLACES. |~~o |, 
Ro) POG, cess bate 35 7 
King George’s Sound 
Goy. buildings. ../85 2.2 


34 58°5 


Van Dieman’s Land. 


Mt. de Witt, vis. 12 
leagues ......%). 43 9 
S. W. Cape 1000 ft.}48 35 
C. Bruny Lt. 339 ft.}48 28°7 
Hobarton Fort Mul- 
prave..... 
Port othar: eee 
phore... Fae AaB o 
Maria I.sum. 350K ft 42 3 
Mt. Cameron 8 ], in- 
land, 1780 ft.....140 59 
Cape Portland...../40 44 
Mt. Arthur 5 1 in 
land, 4800 ft..... 
Port Dalrymple Lt. 
© Georgetown fl. sf 
Valentine pk. 7 1. in- 
land, 4000 ft..... 
Rocky Cape sum. 2 
m. inland, 1000 ft. 


42 535 


41 16 
41 3-4 
41 63 


RU ie tele slurs! w chsln 


Lon. H.) Australia (Continued.) 
Lat. 8S. | Lon. E, 
118 1 NAMES OF PLACES, oy a hy ae 
Cape Wellington...;39 4 {146 80 
117 53°7] Mt. Dromedary Vis. 
118 27 Lo haee PGs ae 3616 |J5013 
119 34 [Jarvis, B. Pt. per- 
E.}  pendieular, 650 ft}85 6 |151 2 § 
Botany Bay, N. Pt. } 
en 46 4 centr Bugius aie ‘34 0 115116 § 
Pt. Jackson Lt. 350 {| 88 51 2 151 18 23 
122 14 |Sydney, Fort Mae- ; 
AUELITLE. 5 i ps eee 33 517 151 14 § 
123 8 |Paramatta Obsery..| 38 48°7 [151 1 ¢ 
Pt. Hunter, Court ho; 32 55°8 |151 48°79 
123 28 IC. Hawke......... 32 14. (15235 § 
C. Byron, E. Pt. Aus| 28 88 [158 40 & 
181 7 JA High Peak......)26 20 |152 56 § 
Round Billy, ...4.) 2415 |16155 § 
133 27 |G. Keppel......... 23.27) TSH Na 
1384.15 }Peaked Island.....)¥240 |151 0 § 
134 13 [Pt Bowen, N P. en) 22 29/150 48°55 
Long Hill, 2338 feet}\21 84 [149 20 | 
134 47 |G, Hillsborough sun ‘ 
134 49 906) feeb art truss 9054 |149 6 & 
Cumberland Island, } 
136 1] Shaw’s pk. N. Pt ; 
136 8 LOO Heet. Ye. 9028 |149 7 § 
185 57 IM. Dryander,4566 ft} 20 14 |148 31 § 
138 1 IMt. Abbott, $460 ft./20 3 {14748 § 
1387 41 |Mt. Eliot, 4075 ft.../19 83 [14659 § 
138 28 |Mount Hitehinbrook, 
138 36 BOOGTIE. Week 1822 |14617 & 
138 43°7} Witz Roy Isl'd, N. E. ; 
138 82°) pk. 550 feet... 146 0 § 
C. Tribulation finger | , 
186 88 | pk. 3350 feet... 14526 § 
140 42 ic. Flattery, 2 pks. : 
148 83 855 feet........ 145 21 § 
Lizard I. sm, 1200 ft| 145 28°59 
144: 470°C) Bowen... e.J45/ 44 41 § 
O. Weymouth, Re | 
144 577 storation Isi’d pk. : 
146 23 360 ft. W. Pt. 148 27-54 
146 24 fPorbes I. sm. 340 ft. 1438 27 § 
Orfordness, Pudding i 
143 57 pan hill, 854 feet. 142 51 § 
144 21 | Mt. Hh 548 ft} 14241 ff 
Mt. Bremer, 440 ft.. 142 85 § 
146 40 JIN, extr. of im trates ’ 
18719 | ©. York........./10 41-6 [142 34 § 
Murray Isl’d gr, one : 
148 6 | pk. 700 feet.....| 9565 [144 5 § 
Balls Pyramid y, 121/31 43 [359 20 ; 
Lord Howel. 2500 f,31 87 |159 14 § 
Prince of Wales Is. ; 
'y N. E. pt. Horned 
ae os Hill, 480 feet....110 57 [149 18 
ae 8 Torres Straits. 
(147 91°5 Booby I. 3U ft. Post i 
Office... .. ".... {10 86°7 [141 56 § 
147 50-7{Darnley 1, hill 580 ft} 9 35° 143 49 | 
148 g {Turtle "Backed Isl'd, ‘ 
BOS: feet. vad ss 954 {142 48 
147 56 |Mt. Ernest, 807 feet|1016 [142 81 § 
14757 |Mt. Augustus. 1310f/10 9 [142 21 | 
} 
147 17 Gulf of Carpentaria. 
146 48'2] Wellesly Is. Sweers 
146 502) Island Inspection 
Hill, 105 feet..../17 82 {189 41 
145 45 [C. Shield....... + - {18.20 . 1286:28 
Mt. Caledon....... 12 58 1136 33 
145 29 IC. Arnheim....... 1217 {187 
C. Wilberforee.....|1158 [136 34 
Bis Dane Sor : 


144 39 


136 7 


N. Coast of Australia. 


NAMES OF PLACES. 


Lat. S.| Lon E. 
° / ° / 


ECORSEE bi. dee co = 


C. Coekburn....... 1118444182. 51 
| Pt. Essington gov. hj 11 22°83 |182 10°7 
a Deak ol oak 1119 |181 48 
pCape Horhatn.. 12) 8 .j181:20 
f Bathurst {[s lds. extr 

C. Foureroy..... 1151 {129 57 

| P. Darwin, P. Emery 

s on E. side of entr.| 12 27 hao 51 

Pt. Blaze........ 1251 |13011 

| N. W. Coast. 

: eerie Sie 44,23; 112740 
©, Bernier... 146 26. 14 0 {127 28 
;©, Tulbot.. .0%....)18 47 . [126 46 
Port Warr andar: 

Chrystal Hd.. 14 28 |12558 
f Port Nelsen Bieber: 

f ing beach....... 1576 \L2b a 4 

PPr. Regent, R. Mt. 

Trafalgar summmit.| 15 166 [125 7 
BC. Borda. Ob ete hth (16 36 {122 49 
iO. Baskerville.. .... 178 Qh 92219 
fC. Vellaret, 150 ft..J18 19 [122 7 
5 C. Jaubert, 45 feet..] 18 58 {121 40 

vit. Blaze, 60 ft....)20 QO {119 88 

P Depuch Island, 514 

POT OR ce aio s alata «inte 20 88°4 1117 46 

'-Lumbert.....<.< 20 86 j117 11 

Po Preston... 0... 20 80 {116 5 

f Burrow Island, N. 

PEPE. 5 « 12040 {115 27 

ij 

New Zealand. 

t 

§ Cape Farewell. 40 81 [172 47 

ge Foulwind. . As 46 J171 29 
The Five Fingers. 42 4 J171 25 

P Boid Head........ 42 57 |170 40 
Cape Paterson.....)45 24 [166 30 

Cape Weatoga ts Ft 45 56 {166 8 
p Pt. Maequarrie..../46 20 |168 10 
Ss moh Cupes o..... AP LES 61 32 
E Molyneux Har. N.ptj46 25 |169 55 
Saddle Hill. ...... 46 65- i170 $1 
K st extreme Pt.../48 46 {173 14 

A Mt. Pako, a high pk) 4142  |174 25 

Pt. Hardy, Nelson's 

F 6 Monumentat entr|40 44 |173 57 

| Nelson. Aglionby pt}41 14 |173 16 

YU. dgimont, or Borull 39 20) [173 89 

PM. dornont, 8.9000 £13915 [174 4 

hidutey Isld W. Pt 

H «61300 ft. (40 54 |1L74 55 

B Port Nic Riatat on, Pati: 

Farrow exdt. Wal 27) Wide 

Bo perele: Hal. ata 4 4014 |176 55 

Bets AULEL ete oo 3 88 81 |178 26 

; Mt. Ikouranyi...... 3755 |178 16 

# Mt. Edgecumbe..../88 0 |L77 2 

f Cuvier Isl'dsm....)36 26 {175 42 

P Auckland flag staif.| 36 61:5 |174 45 

FO. Tewara Pt......(|85 51 {174 35 
Gy Mutou-aro.... . 67. 85°26 174 97 

f Wangaroa Hb. N. hd} 35 0 {173 45 

F Mt. Ooura or Camp- 

Pavel eh 6% o0 ces moe HLIBe 

fC. Otou, or N. Cape. 8424 {173 1 

t Vhree Rings, lL one.}3418 |172 10 

B Mt. Manganui.. .|85 52 {178 40 

4 Lymond’s Hb. Bea. 

, con Bluff........(37 6 {174 32 

FE Kawia Harb. Aiba: 

} 88 6 {174 52 


TABLE XXXIX. 


Loo-Choo Islands. 


NAMES OF PLACES, La re X. Lon. by 
Koomisang, N.W. Pt} 26 24 |126 47 
Loo-Choo, Gr. Isl’d 

Weegee Lo. ot awe 26 12°5 (127 41:5 
E. extr. C, Sidmouth] 26 47  |128 21 
Herbert Isl’d entr. to 

Pt. Melville. .... 26 44 {127 58 
Sugar-loaf, mark for 

Pt. Melville...... 26438 {127 48 
Montgomery Island 

Ly 5) age ca oe Vied  H28 2 

Coast of China (continued. ) 
Nankin city, porcel'n 

TOWEt ss Sac dees ak SEL S Lo 
Urh Taou, or Staun 

ton Isl’d Ret geet erty Ue SO7D0 L221 5 
Saddle Island...... 37 24 1119 58 
Great Wall....... 40 5 {120 0 
S. extr. of Coast...188 40 [121 11 
Roek like a Junk.../38 56 [122 49 
Lindsay [. S. W. Pt} 36 26 [126 28 
Cape Basil, Basil bay} 86 8 = !126 51 

Japan Islands. 
Asses Ears, 8. one..|/82 2 {128 36 
Nangasaki, mid. o 

City ees 3 32 44°8 [129 52 
(C” Nomogiees. ><. 32 35 |129 49 
aoines Peake= +. ..4)381. 9 30 28 

. Tschitschagoff, S. 

extr. of Japan [ds| 80 57 {130 36 
C. Cochrane.. (381 51 j181 27 
C. Misaki, WwW. Pt, 

Sikok ian | ~-so3 18 132.17 
Niphon §S. Pt...... 39.255. 1/1385 47 

“« N. E. C. Nambu 41 23 {141 3 

Pe IN EM ae. 41 82 |140 50 
Op Grea ge aw Jno 41 9 |140 8 
Russian Promontory 

W Bie. s.-29..189 02 1130/88 


Zach Mt... . 


132 20 


C. Spanberg....... 
N. extr. C_.Soya-.... 
C. Malespina...... 


A ig ee 


145-0 
141 
141 


150 30 


Kamtschatka. 


Kronotsky pk 10.610 
tS) pig he cope eas 
Kluchevsky volcano 
16.500 feet 
Behring Isl’d W. Pt. 
ret. 

Bay Isl'd, S. Pt.. 


160 33 


160 41 
165 46 
166 44 
1168 11 


N. W. Coast of N. America. 


N. W. 


CO. Douglas E, Pt...) 58 54 
Mt St. Augustine sm| 59 22 
C. Elizabeth, E. Pt)59 9 
Montague Isl’d, Port 
Chambers, E. cove} 60 16 
ore Point. ss ae « = 
Mt. St. Elias, 14.917 
feet, seen 50 L. off) 60 17 
Mt.* Fairweather... .| 58 54 
C. Fairweather...../58 51 
C. Edgecumbe.....|57 2 


152 51 
153 0 
151 18 


146 50 
147, 30 


140 52 
137 38 
137 50 
135 45 


241 


Russian America. 


NAMES OF PLACES, 
Sitka Arsenal Light) 57 


64 Ommanney Meet 56 9 
C. Addington...... 55 27 
C. Muon: Seiya ee’ 54 43 


Lat. N,|Lon. W. 
° , ° / 


2.9 185 17-2 


134 384 
183 48 


132 42 


N. W. Coast (Continued.) ; 


Queen Charlotte s Ls. 


Cape Henry...../52 52 
midis WNORINe. Feo. 54 20 
“ C.St.James,S S. pt} 51 6 
Port pin psou, a hicks Oa ue 


152 25 
133 11 
131 2 
130 18 


Vancouver’s Island. 


Nootka So’nd frieud- 
ly COVEs soe. say's 
Esquimalt harbor, 
Islet entrance.... 
Port Discovery W. 
Feta: 05.4. eek 


48 25°6 


Gray's Harb. N. Hd! 47 0 
Fort George. .... 


Gee pipe Cut. es. 44 }2 
C. Mendocino GS Sete 41) 29 


48 55 
Port Neah, S. W. Pt. 48 22°5 


-(46 11°5 


126 3555 


122 54:5 | 
124 867 
1247 5 
128 51 
124 17 
124 82 


Coast of California. 


Mt. Bolbones, 3765 


Mazatlan Custom H. 
San Blas Arsenal... 
Mt. St. Juan, 6220 ft 


23 11°8 [106 23°7 
21 32°5 |105 15°5 


feet, 10 |. inland.| 87 42°9 {121 54°5 
St. Franeiseo Fort 
S.« sdeT eo | ahs 37 435 (122 285 
See also thé Sea coasts 
of the United States 
for more particulars. 
Monterey Fort....|36 364 [121 53 
Pt. Conception. .../34 381 {120 30 
San Juani. sas tieck 3258 [117 44.7 
St. Diego, Pt. Loma] 32 88°8 |117 14°7 | 
C. Colnett, S. W. Pt) 30 59 {116 15 
Pt. St. Bartholomew 
IN; Head (.44 Wits 27 346 (114 53:5 
C. St. Lazaro Mount 
1300 feet....... 2447 {11216 § 
C.  Palmo. ~-|23 22 [109 17 
Gulf of California. 
-{ Santa Cruz Island. .| 25 22 jLlU 49 fF 
C. St. Gabriel....../28 85 {11246 | 
C. Haro. .......--.|27 50 |110,.54 - 
Et: foe's > wee 26 42 109 50 
Mexico, ves Cot. : 
Pt. Arbolado...... 23 33 |10648 | 
i 


5 leagues inland.|21 27 |104 565¢ 
Port Navidad sum. 

South Head..... 19 12 {104 46 
Colima Voleano 12 

ODO HEGHE Pet. dae 19 25 j1038 33 
Acapulco, Fort St | 

DARSO-RE Fe. « 6s). 116 50°8 | 99 52 


| 
Central America. 
Libertad vill. fi. st.. Ae 89 17 : 


Pt. Consequina Vol- 


cano, 3800 feet..|12 58 | 87 ny Ae 
Volean, Viejo 5562 ft}12 41 |8658 f§ 
Port St. Juan 3. bluff 11 15:2 | 85 53 
Panama. 
Bahia Honda Senti- 
nel Isl'd atent...| 7 43°5 | 81 31 
725 180° 2 


Pt. Mala. .....cce- 


New Ireland. 


NAMES OF PLACES, 
New Ireland, E. Pt. 


“ Cape St. George. 


Lat. 8S. 


° ‘ 


4 51 


Lon. E 


New Britain. 


N. Pt. C. Stephens..| 


S. E. a u. Orford. 


Ei aes 
C. Gloucester, 2 p’ks 
Lotten Isl'd, above 


Lfeet : 
Dischamps pk. 3 m. 
inland 


412 


5 28 


WN. Coast of New Guinea. 


Cupe Rodney 

Cape King William 
13000 ft 

| Dampier Is’ 5000 ft. 

Vulean Isl’d, conical 

Garnot Isl’d, conical 

D’Urville Isl'd_ pk. 
near W. end..... 

Mt. Julian, 2 1. inla’d 

Eyries Mt. very high 
sum. 8 L. jatwad ... 

Cyclops Mt. vis. 20 L 


“ N, one, 8610 feet 
Bee-hive Mt 
Mt. Diceras, 8 m. in- 
land 


4 40 
4 6 
3 30 


148 380 


147 40 | 


145 58 
145 1 
144 35 


148 31:2 


144 26 
141 15 
140 30 
189 27 
136 50 
183 54 
133 54 
133 25 


1382 15 


TABLE XXXIX. 


Galapagos Islands. 


NAMES OF PLACES, 


Lat. 8. Lon. W. Morotoi Isl’d, E. Pt.|21 9 


NAMES OF PLACES, 


Chatham Isl’d, 1650 
ft. E. Pt. Mt. Pitt. “ S.or Diamond pt. 
800 feet 89 20 | * Honoruru Fort.. 
“ §. side watering- « S. W. extreme... 
EMBO. sce a ike oie 0 5641 89 33°77] * W. Pt... ......% 

Charles Is?'d 1780 ft Be Pie elites 
Post-Office on N. Atoor Isl'd, E. Pt.. 
W. side, Daylight “ Haaalae, B. Brit, 


. W. Pt. 


1 15°4| 90 81% 

Gardner Isl'd, 760 ft.) 1 21 9 23 
Albemarle Is. 3780 
fr. Iguana Cove, 


S.2W ..stdez. u. 


Oneehow Island, FE. 


91 325] * 


Isl’ds in the N. Pacific Ocean.) _. 
Rica de Oro Rk. or 

N, .|  Lot’s wife, 3 

0 14 


Redondo Rk. 86 ft. 

Towers Isl'd, 211 ft. 
WP 

Abingdon Isl d S. ‘pt. 
mid. 1980 ft 

Wenman Isld, 880 ft 

Culpepper 1. 550 ft. 

Malpelo Island sum. 


Voleanves, 3 Sulph’r 
Islands 

“ N. Isl’d San Ales- 
sundro,. 

“ §. Isl’d, ‘San Dice 
nisio, 396 feet. ... 


0 21 


1,28 
1 40 
Rota Isl’d, 800 ft. E. 


Socorro Isl’d, 2000 ft Assumption Island, 


S. 2026 ft... 4.0m be 


Benedicito Isl’d 1100 
feet mid 

Guadalupe Isl’ds, W. 
one, 8400 feet.... 


Guam Isl’d, N. Pt.. 
110 35 JOalan Island, Mt. 


28 54 1118 20 


Sandwich Islands. 

Pouinipet Isl’d sum. 
2861 ft.. é 

The highest Jand yet 
discovered is Mt. 
Erebus, which is 
124.000 ft. above 
the sea, and is ap 


Owhyhee Isl’d, 8. pr. 

“ Mowna Rou Mt. 
13.175 feet 

“ East Pt 


19 5 {155 49 
155 38 
154 55 
156 6 
155 58 
156 14 


19 28 
19 34 


19 42 
Mowee Isl’d, E, Pt..| 20 44 


“« W. sum. 6126 ft.| 20 43 


Wonahoo Isl’d, E. Pt}: 


Cons. E. side..... | 99 
MB ba CP IS OR Bae yy 


5U ft.| 2 


Forfana Tsland..... 25 


Crozer about 2000 


active voleano in.|77 33 


141 28 
143 0 


145 18 
145 27 


144 53 


CONTAINING THE POSITIONS OF PLACES (OMITTED IN TABLE XXXIX.) ON THE COAST OF 
THE UNITED STATES OF AMERICA AND WEST INDIES, TAKEN FROM 


: E. Coast of U. S. of America, 


THE LATEST SURVEYS. 


. Lan. N. Low. W, ak hijack and | Lar. N.JLow. W. oe estar 

; | Maine. ennsylvania. Marant<PisT.post 17 56 | 76 
Seal Island Lights.}44 29 | 67 06 |Barnegat Light .../389 46 | 74 6 |Portland Pt....... 17 44 | 77 
| Libby Island Light iT 84 | 67 23 [Little Egg Hr., or iB. Negril. 2.05 ies 18 16 | 78 
Baker’s Island Lt..144 14 | 68 08 | Tucker's Isl. Lt..]39 80 | 74 17 [Morant Keys......{17 26 | 75 
Petite Manan Is. Lt.) 44 22 | 67° 52 Chincoteague Lt...|87 55 | 75 21 [Portlan Rock...... Lowen d TE 
Isle au Haute..... 48 59 | 68 36 Caroli q Pedra Shoals, N. Pt.}17 40 | 78 
Cashes Ledge.. ..}42 56 | 68 51 Oe i aa South Rocks, above 
Manegan Isl’d Lt..J43 45 | 69 17 vhs het bey water... 5 </ias 16 50 | 78 

i Penmaguid Pt. Lt..143 45 | 69 28 JCurrituck Inlet..../86 23 | 75 55 |Camanbrack, E. Pt.}19 45 | 79 

d Bantam Ledge....]/438 44 | 69 36 [Boddy’s Isl’d Light) 35 47 | 75 32 [Swan Isl., E. Pt 17 25 | 88 

F Seguin Island Lt,..143 42 | 69 44 JOcracock Light .../85 7 | 75 58 
Cape Small....... 43 41 | 69 50 JDoboy Bar......./31 20 | 81 22 Cuba 
Cape Elizabeth Lt..}43 34 | 70 11 'Amelia Isl’d Light./30 40 | 81 86 /Trinidad.......... 21 43 | 80 

f Wood Island Light} 43 28 | 70 19 Florid Jardines, §. E. Key.| 21 40 | 81 

| Goat Island Light. - 21 | 170 25 raha Cape Antonia L&:.|21 51 | 84 

§ Cape Neddeck . 3 10 | 70 36 |St. John’s Light...|30 20 | 81 83 [Pt. Hyecos Lt...../23 11 | 81 

= Boone Island Light ie % | 70 28 |Carysfort Rf. Lt. Sh.| 25 13 | 80 13 [French Cay, N. Pt. 22.50. | 79 

d Sand Key Lt. Bea., 24 27 | 81.52 [Neuvitas Tt....... 21 40 | 77 

r New Hampshire. Cape Romano..... 25 51 | 81 56 |Pt. de Mulas...... 21.10 | 75 

| White Island Light) 42 58 | 70 38 |Carlos Bay Ent.../26 32 | 82 15 |Baraco........... 20 21 | 74 

| Portsm’th Outer Lt.) 43 04 | 70 41 [Tampa Bay Ent. Lt.}27 85 | 82 47 [Cape Maize.......)20 15 | 74 
Great Boav’s Head.| 42 55 | 70 47 {Dog Island Light..|29 46 | 84 48 [Cumberland Hr...}19 55 | 75 

Cape St. Blas Lt..}29 40 | 85.28 St. Jaco de Cuba Lt.| 19 57 | 76 

Massachusetis. | Tiga, Ww ae ee 

Dit atehh punoee Tioht slands in the West urks and Caicos 

ton Plamb, isla. re 49 | 70 49 Indies. Islands. 

f Annis Squam it... 240 |%0 41 [Barbadoes N. Pt...}18 19 | 59 45 |[Baho de Navidad..| 20 13 | 68 

f Cape Ann........ 2 39 | 70 35 |Martinico 8. E. Pt./14 380 | 60 50 Bilver Key Bank, 

§ Gloucester Hr. Lt. re 35 | 70 39 |Mariegalanta S. Pt.}15 52 | 61 24 S. W. end ....|/20 18 | 69 

# Baker’s Island Lt..|42 32 | 70 47 [Saintes Isl’d W. Pt.}15 52 | 61 45 N. end. Aeshna 20 55. | 69 

4 Nahant, east pt. of Guadaloupe, Petite N. E. end 20 35 | 69 

4 Boston Harbor. .|42 25 | 70 54 | Terre Light.....}16 10 | 61 7 Square Handkere’f 

y Scituate Har. Light) 42 12 | 70 43 St. Austatia, N. Pt.|17 382 | 63 5 S. W. end 20. 52. [70 

3 Brant Point....... 42 05 | 70 38 Saba, W. Pt....... 17 39 | 68 19 N. E. end 212: 94146 

q Gurnet Pt. Lt., ent. Aves or Bird Island, Grand Turk Lt....)21 31 | 71 

9 toPlymouth..../42 00 | 70 36 N. Pe eed 15 41 °| 63 87 Balt Key......... PLUTO Ts 

4 Beach Pt. Lt, ent. to Berbuda, N. end..|17 48 | 61°52 |Sand Key......... pW Ma a 

: Barhatable Bay. fe 44 | 70 16 |St. Bartholom’s, N.|}17 54 | 62 48 |Philips’ Reef...... SL 4S oleae 

@ Race Point Light..}/42 04 | 70 15 St. Martin’s,S.E.Pt.)18 5 | 63 5 JN. W. Caycos .,../21 52 | 72 

q@ Nausette Light... Te 52 | 69 57 jAnguilla Custom H.}18 13 | 63 4 |West Caycos...... 21 37 | 72 

§ Chatham Hr. Light 41 40 | 69 57 |Dog & Prickly Pear}18 17 | 63 17 JSouth Caycos..... FB 

3 Great Point Light./41 24 | 70 03 JSombrero........ 18 86 | 68 28 

gSankaty Hd. Light.)41 17 | 69 57 |VirginGorda, E. Pt.)18 380 | 64 14 Bahamas. 

a Smith’s Point..... 41 18 | 70 17 |Santa Cruz, E. end.|17 45 | 64 34 |Gt. Inagua, S. W. 

4 Cape Poge Light../41 25 | 70 27 |Frenchman’s Cap. .|18 14 | 64 52] end............ 20 55 | 73 

: No Man’s Land....| 41 15 "0 49 Sail Rock.......:. 18 16 65 8 Hogsties, FE. end...| 21 40 73 

@ Gay Head Light...|41 21 | 70 50 |Crab Isl., E. end 18 7 | 65 18 |Mayaguana, E. end.| 22 23 | 72 

y Cuttyhunk Isl Lt..|41 25 | 70 57 ‘Porto re Saint GoW. end... .( 22-8401 78 

4 Sangkornet Point..|41 27 | 7111] Juan Lt.. ..{18 29 | 66 7 French Key, E. Pt.| 22 35 | 73 

Pt Brugen, or 'N. elin’s Isl., N.E. end] 22 45 | 73 
Nantucket Shoals. W. Pe. ingens 18 82 | 67 8 [Bird Rock, N. W. 

§ McBlair’s Shoal...) 41 24 | 69 48 Cape ale a ee 17 56 | 67 10 end of Crooked Is.| 22 51 | 74 
Old South Shoal...|41 04 | 69 51 |Monico Island.....}18 9 | 67 56 |Miraporvos,S.E end} 22 00 | 74 
Davis’ Sho. Lt. Ship] 40 57 | 69 51 |Zecheo Isiand..... 18 24 | 67 28 [CastleIsl......... 92 7 | 74 

, ‘ Atwood’s Keys, E. 

George's Shoals. St. Domingo SEA yin Scant 23 6 | 73 
Soke sPatt vss «'s' 41 33 | 67 39 Island. Watling’s Isl., N. E. 
We: Polo ome aide i 44°49.1-67 50 Baona Iel., E..Pé..c}IB 1391.68 Stile Ptcceewameees « O47 F7e 
NE. Point. iiitcees 41 48 | 67 47 |Beata Island...... 17 387 | 71 82 Gonespline Isl., 8. 
North Shoal...... 41 53 | 67 43 JAltovela.......... VI 2ee 71 40°? Pc aeces cae 23 47 | 75 
Third Shoal....... 41 51 | 67 26 |CapeJaquemel....)18 13 | 72 83 jLong Isl, N. Pt ...| 23 42 | 75 
East Shoal........ 41 47 | 67 19 |Islea Vache, E.end.j18 6 | 73 81 JEluethera Isl’d, S. 
Navassa Isl., Mid..}18 25 | 75 8] Pt.,—Ship Chan’l]| 24 387 | 76 
Ethode Island. ePOMie iva cule osu 18 40 | 74 5 jHarbor Isl., N. end.| 25.85 | 76 
Brenton’s Reef...:|41 26 | 71 21 JC. Nichola, Mole ..}19 49 | 73 27 |Gt. Abaco, N. E. | 

# Beaver Tail Point.}41 27 | 71 24 [Tortuga, E. Pt..../20 1 | 72 36] Pt. (keys off.)...)/26 38 | 76 
Wate Hill Pi Leia: 1891-71 61 (Port Paix, 02608 02. 19 56 | 72 46 |Mantanilla Reef,..|27 81 | 79 
Block Isl. 8. E. Pt..J41 09 | 71 88 |Pt. Picolet........ 19 47 | 72 12 |Memory Rock..... 26 55 | 79 

Grange Pt........ 19 56 | 71 42 jGt. Bahama, 8. E. 
New York and Port de Plata..... 19 46) Fer 46 1% Pho. eae ies wt 26 28 |-78 
Connecticut. Old Cape Francois.}/19 42 | 69 55 [Stirrup Keys...... 25 50 | 77 
Montauk Pt. Light.|41 04 | 71 51 [Cape Samana..... 19 18 | 69 6 |Berry Isl, E...... 25 28 | 77 
j Fire Island Light../40 38 | 73 18 JCane Raphael...../19 38 ! 68 50 JOrange KeysN. end 24 56 | 79 


Lat. N.j\Lox. W. 


ll 
10 
25 
57 
27 
54 


20 
42 
50 


ABLE XL. 


Lat. N.[Lon. W. Lat. N.[Lon. W. Lat. N.|Lon. W.J 


/ 


Isl. Contoy, N. Pt..|/21 32 | 86 51 [Little Curacoa....)12 2 | 68 88 


Ridding Rocks, S..|25 12 | 79 10 
| . Isl. Cozumel, N. Pt.!20 35 | 86 44 [Buen Ayre, N. Pt..}12 19 | 68 81 | 


Mexico. Soath Pisu,.. 21 15 | 87 00 IP. Rosa Light.....}12 2 | 68 17 
Pasa de Cabello...}28 20 | 96 22 JN. Triangle....... 18 46 | 87 20 [Bird Island, E....)11 57 | 67 32 
Brazo de Santiago.}26 6 | 97 12 South end....}18 23 | 87 20 Western end .|12 00 | 67 46 J 
St. Fernando River, Mauger Key Light./17 86 ! 87 46 |Laguira.......... 10 87 | 66 56 | 
ONE oo. i ove pe 25 20 | 97 30 [Turneff Reef, S. Pt.|17 10 | 88 00 [Cape Codera.:..... 10 36 | 66 3 
River Tampico, ent.) 22 15 | 97 48 [Half Moon Key Lt.|/17 12 |'87 34 JOrchillaIsl.,W. end.) 11 50 | 66 14 
Cape Rojo........ 21 35 | 97 20 Glover's Reef, N.Pt.,16 55 | 87 45 [Blanco Island, N..}11 55 | 64 87 § 
Tamiagua Bar.....|21 13 | 97 17 [Cape Three Points.}15 58 | 88 38 |LosHermanos,§. Pt} 11 42 | 64 29 
Boca de Lima..... 20 80 | 96 57 [Utilla Isl, EH. Pt...}16 7 | 86 58 [Tortuga Salada, E. : 
Alvarado Bar..... 18 47 | 95 43 [Rattan Isl., E. Pt..|16 27 | 86 12] Point.......... 10 53 | 65 15 | 
Pt. Morillos....... 18 38 | 94 54 West Point...}16 17 | 86 38 |Margarita, E. end..}11 00 | 63 50 
BUELUA: bcc ames k= 18 10 | 94 82 |Barburet Island...}16 26 | 86 9 We etic kas 10 58 | 64 28 
River St. Ann..... 18 11 | 98 51 jCape Camaron....}16 00 | 85 3 |Testigos Isl., mid..|/11 23 | 93 10 
Isl, Carmen, W. Pt.}18 38 | 91 48 Dragon’s Mouth— 
Isl. Real, W. Pt. .|18 52.] 91 22°] . Yew Granada. Point Pera....../10 44 | 61 53 | 
Port Sabanilla, ent.}11 1 | 75 1 Berpant’s Mouth,— 
Yucatan. Hacha ..... 11 88 |72 56] Point Yeacos.../10 4 | 61 58 | 
Pt Predras’...334.. 21 11 | 90 10 'Cape La Vela..... 12 10 | 72 14 : 
Bocos Del Rio La- Pt. Galinas....... 12.95 | 71 44 Guiana. 
MATGOS Ss oc ve v's 21 86 | 88 14 [Is]. Oruba, N. W. Pt..12 36 | 70 12 [Mouth of Essequibo| 7 00 | 58 18 § 
Los Arcos ....... -|20 18 | 91 59 S. E. Point...)12 24 |70 1] —Leauwan Isl.. 
Bajo Nuevo........|21 50 | 92 6 [Cape St. Roman...}12 11 | 70 17 {Cape Nassau...... 7 86 | 58 56 § 
Isl. Arenas........ 22 8 } 91 25 [Curaco Isl., N. Pt..}12 21 | 69 10 [Pt Baja. ......... 9 25 | 60 48 
Mugeres Isl., 8. Pt..} 21 St. Ann’s Bay..... 
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Entered according to Act of Congress, in the year one thousand eight a. and fifty-seven, by JAMES H. BROWNLOW, in 
the Clerk’s Office of the District Court of the Uuited States, for the Southern District of New York. 


NEW TIME TABLES 


WHICH FURNISH THE SHORTEST METHOD OF FINDING THE TIME AT SHIP (AND THENCE 
THE LONGITUDE BY CHRONOMETER), AT ABOUT 8 O’CLOCK IN THE MORNING, 
OR 4 O’CLOCK IN THE AFTERNOON. 


By James H. Browntow, Teacher of Practical Navigation and Nautical 
Astronomy, 184 Cherry Street, New York. 


EXPLANATION AND USE OF THE TABLES. 


TaBLE A, 1n Two Parts. 


THE first p@rt contains the True Altitude of the Sun’s centre, at the instant it is 8 hours, A. M., or 
4 hours, P. M., apparent time, when the Latitude and Declination are of the same name. The second 
part contains the same, when the Latitude and Declination are of different names. These tables are 
entered with the degree of Declination at the top, and the degree of Latitude at the side, and the angle 
of meeting gives the True Altitude required. If there are miles of Latitude and Declination, two pro- 
portions are necessary, which may be made either mentally, or by the aid of Table B. : 


TaBLe B, 


For finding the proportion of Altitude for the miles of Latitude and Declination, as follows: Enter this 
table with the difference of Altitude for 1° of Latitude at the top, and the miles of Latitude at the side, 
and the angle of meeting gives the proportion of Altitude required, in miles and tenths, which must be 
added to the Altitude taken from Table A, if the Altitude was increasing with the Latitude; or sub- 
tracted, if decreasing. Again, enter this table with the difference of Altitude for 1° of Declination at the 
top, and the miles of Declination at the side, and take out the proportion of Altitude, to be added to the 
Altitude taken from Table A, if it was increasing with the Declination, or subtracted if decreasing, will 
give the true Altitude of the Sun’s centre, from which subtract the joint correction for Semidiameter, Dip, 
&c., (which is usually taken at 10’) to obtain the Observed Altitude of the Sun’s lower limb: now set 
the Quadrant to this Altitude, and when the Sun arrives at it, note the time by Chronometer, to which 
apply the error. if any, and you have the Mean Time at Greenwich, and Apparent Time at Ship, which 
is either 8 hours, A. M., or 4 hours P. M. To the Apparent Time at Ship apply the Equation of Time, . 
which will give the Mean Time at Ship, the difference between which and the Mean Time at Greenwich 
is the Longitude in time, turned into space at the rate of 15° to the hour, or 1’ to 4 seconds of time. 


EXAMPLE. 


September 10th, 1857, in Latitude 30° 29’ N., and Longitude by D. R. 60° W., the height of the eye 
being 18 feet, required the Altitude at which to set my Quadrant, so as to observe the Altitude of the 
Sun’s lower limb at 8 o’clock in the morning. Apparent Time, and by noting the time by Chronometer, 
find the Longitude. 

The Sun’s Declination on September 10th, is 4° 52’ N., and Latitude 30° 29’ N., being of the same 
name, I enter first part of Table A with 4° of Declination and 30° of Latitude, which gives the Altitude 
27° 50’, and under the same degree of Declination, but opposite 31° of Latitude, the Altitude is 27° 37%, 
which gives the Difference of Altitude for 1° of Latitude to be 13’ decreasing. Again, entering Table 
A, with 5° of Declination and 30° of Latitude, gives the Altitude 28° 21’, which gives the Difference of 
Altitude for 1° of Declination to be 31’ increasing. Now enter Table B, with 13’ at top, and 29’ of 
Latitude at the side, and take out the proportion of Altitude for 29’ of Latitude, which is 6’ 3 tenths, to 
be subtracted from Altitude 27° 50’. Again enter Table B, with 31’ at top, and 52’ of Declination at the 
side, and take out the proportion of Altitude for 52’ of Declination, which is 26' 9 tenths, to be added to 
Altitude 27° 50’. As the greater of these two proportions is additive, and the lesser one subtractive, 
vake the difference between them, which is 20’ 6 tenths (or 21’), and add it to 27° 50’, will give the true 
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Altitude of the Sun’s centre 28° 11’, from which subtract 10’ for Semidiameter, Dip, &c., gives the 
Observed Altitude of the Sun’s lower limb 28° 1’, to which I set my Quadrant, and when the Sun 
arrives at that Altitude, note the time by Chronometer ; which suppose to be 11hrs. 58m, 10sec., A. M., 
Mean Time at Greenwich, the Longitude is found as follows . 


Apparent Time at Ship......... caeeneentiia OUD, OOSGC,, Ao. ie 
Equation of Time, to subtract.......... 3 10 

Mean Time at Ship..... SAR Pere oe (a 50 A. M. 
Mean Time at Greenwich...........4+- tiv + 68 10 A. M. 


Longitude in Time......eesseeeeceseee 4 1 20 in degrees 60° 20' W. 


Remark.—As the above method of setting the Quadrant to the Altitude, and waiting until the Sun 
arrives to that Altitude, may be considered somewhat inconvenient, Table C has been constructed te 
obviate that necessity. 


Taste C, 1n Two Parts. 


The first part of this table is used when the Latitude and Declination are of the same name: the 
second part, when they are of different names. They are entered with the Declination at top, and Latitude at 
the side, and the angle of meeting gives the time (in seconds and huadredth parts of a second) corres- 
ponding to a change of the Sun’s Altitude of one mile at 8hrs., A. M., or 4hrs., P.M. The Declination 
is given only for every other degree, as the change for 1° is small, and the proportion for the intermediate 
degree of Declination, or for miles of Latitude and Declination, can be made either mentally or by 
Table B, in the same manner as the proportion of Altitude is found for miles of Lat. and Dec. 

‘By Table C, then, we obtain the time corresponding to a change of Altitude of one mile at 8hrs., A. M., 
or 4hrs., P.M. Now, if we observe the Sun’s Altitude within a few minutes of those times, say within 
10 minutes of them, either before or after, note the time by Chronometer; and, after correcting the 
Observed Altitude, as usual to obtain the True Altitude, take the difference in miles between it and the 
Altitude taken from Table A, and multiply this difference of Altitudes by the time corresfionding to one 
mile, taken from ‘Table C, and we have the time either before or after 8hrs., A. M., or 4hrs., P. M., according 
as the Altitude observed is greater or less than the Altitude taken from Table A. In the morning, if 
the Altitude observed (after correcting it) is greater than the one taken from Table A, the time corres- 
ponding to the difference of Altitude must be added to 8hrs.; but if the Altitude observed be less, the 
time must be subtracted from 8hrs. In the afternoon, if the Altitude observed be greater than the one 
from Table A, the time must be subtracted from 4hrs.; but if the Altitude observed be less, the time 
must be added to 4hrs 

Suppose, in the preceding example, the Sun’s Altitude had been observed a few minutes after 8 o’clock 
to be 30° 1’, and the time by Chronometer 12hrs, 7m. 39sec., A. M., the work to find the Longitude would 


- be as follows: 


PUP ODR. Allo a.g tise ch oe pense 30° 1’ The time corresponding to a change of Alt. of one 
Corr. for Semid., Dip, dc, to add.. 10 mile, at 8hrs., from Table C...... 4.74 
True Alt. by Observation........ 30 11 Difference of Altitude......... geen? “L20 
True Alt., from Table A......... 28 11 | 60)568.84(9m. 28s. 
Borer. OF Alte, .., «a0 eee deere! k 2° or 120 miles. 540 

Spee 28 


Notr.—If the difference of Altitude does not exceed Note.—Multiply the 4sec. and 74 hundredths by 
50 or 60 miles, it is enough, to take out the time from 120 miles, cut off the two right hand figures, and the 
Table C for the nearest degree of Declination and Lati- remaining figures are seconds. 
tude. 


LG SOR: SIME RE RUE ee cde oie tances 9m. 28sec. 

App. Time from Table A..........0+ 8h. 0 00A.M. 

LAD. Ap eM fale «40 sonia > ek «ee 8 9 28 A.M 
Equation of Time, subt...........6. ae ee A 

Mean Time at Ship. ..-..0.. 2s ssees 8 6 18 A.M. 

Mean Time at Greenwich........... 12° FY BOA TM: 
DONGUUAG AN, AINE. yn. sacs cs ssneos 4 1° 21 or 60° 20’ W. 


Remark.—When the Ship is on the Equator, and the Sun is also on the Equator, that is, when his 
Declination is 0, the Sun rises and sets vertically. In this case, the Sun’s change of Altitude is uni- 
formly 1 mile in 4 seconds of time, throughout the entire day. But, under any other circumstances, the 
time corresponding to a change of the Sun’s Altitude of 1 mile, is more than 4 seconds. 

When the Lat. and Dec. are under 3°, the time from Table C may be assumed the same for 2hrs. 

cc “ a4 <4 10° 44 ia ie a4 “ “c 1 hr. 
ce ec if cc 20° 6c 174 66 ¢¢ cc 34 40 minutes. 


When the Lat.is under “ 30° cc ce & ce te “« 45 
(79 a4 44 44 50° (q4 <4 43 «¢ ce “cc 10 44 


“ <9 a3 60° “ mid 34 4 “ ce 7 “ 


ae 
‘ f 
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This Table shows the True Altitude of the Sun’s Centre at the instant it is 8 o’Clock in the Morning, or 4 
o’Clock in the Afternoon, Apparent Time, for more readily finding the Longitude by Chronometer. 


DECLINATION AND LATITUDE OF THE SAME NAME. 


mem Ob e © 


lo 16 © 


98/31 46132 3 
28/31 47/32 5 
26/31 46/32 6 
24/31 46/32 6 


S) 


15}31 89|32 3 
10/31 36\)32 1 
5/31 32/31 58 | 
59)31 27/)31 54 


30 53|31 22/31 50 
30 46/31 16/3) 46 } 
30 38/31 9{31 40 
30 30/31 2)31 34 
30 21/30 54/31 27 


30 12/30 46/31 19 

30 2/30 37/31 11 
30 27/31 3] 
30 17/30 53 | 
30 6|30 44 


1794.18 
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This Table shows the True Altitude of the Sun’s Centre at the instant it is 8 o’Clock in the Morning, or 4} 
o’Clock in the Afternoon, Apparent Time, for more readily tinding the Longitude by Chronometer. 


a 


DECLINATION AND LATITUDE OF THE SAME NAME, 


but. Prior 14° °15 “16 17° 18° 19° 20° 21° 22° 23° 24° 


j—--——————— | — $$ _ | | 


° 
~ 
° 
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° 
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° 
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~ 
° 
~ 
~ 
° 
~ 
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Co 
bo 
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w 
ow 

> bo bo 

co 
bo 
~I 
ho 
ian) 
bo 
S 
bo 
io) 
— 
Loe) 
Or 


jroo 
< 
> 
hc 
Leu) 
=) 
& 
i 

€ ; jo 
- 2 . 
it 
w 
oo 
S 
ce 
bo 
eo 
om 
po 
ise) 
Oo 
os 
ie 2) 


i | | | | | 


ee s,s Se 


cee ee ees Cee ee sea nee eee ee eee eee ee ee Oe ee (Cree ee ty | en ee Bae (eee Ce Oe fe eee, ESSE eee, GE es Ce 


19 |32 16) 32 31)32:45| 32 58)33.11}33 23 
20 32 20/32-35/'32 51)33  °5)33 19} 33 32) % 
1 | 32 22)32-39)32 56) 33 12/33 27/33 41 
22° |32 25/32 43133 0/33 17 |33.34} 33 50 
23 .}32°26)32 46|33 4/33. 23/33 40} 33. 57 
24 |32 27/32 48;33 7/33 .27/33 46)34 4 
25 |32 27) 3249/33 10/33 31) 33 51| 34.10 
26 | 32 27) 32 50) 33.12/33 34] 33 55] 34 15 
27 | 32 26) 32 50) 33.13] 33 36] 53 58) 34 20 
28 | 32 24/32 49/33 14/33 38/34 1)34 24 
29 +32 21|)32 48/33 13/33 39|34 3134 27 
30 {32 18) 32 46) 33 12/33 39)34 5 
31 | 32.14) 32:43/33 11/33 38)34 5 
32 {32 10|32:40/33 9/33 37/34..5|34 33 
A ! 
3 


33° |32 5/32 35/33 6/33 35)34 bee é 
34 | 31 59|32 31/33 2/33 33] 34 34 2/35 30/35 58|/36 26136 52/37 19 


35° | 31 53}32 25)32 58/33 29/34 1)34 32 36 29136 57137 24 

36 | 31:°46/32°19} 32 53)33 26/33 58) 34 30 
37° | 31 38/32 13) 32:47) 33, 21) 33, 54134 27 
38 | 3r 29/32 5/32 41|33 16)33 50|34 24 
39 | 31 21/31;57) 32 34/33: 10/33 45) 34 20 


40 |31°11/31: 49/32 26/33. 3133 39] 34 15 
41 |}31:) 1/31 40/32 18}32 56/33 33} 34 10 
42 |30 50} 31:.30|32: 9|32 48133 26|34 4 
43 »|30°39/}31 19131: 59} 32-39 |33 18133 57 
44 }30 27/31 8/31 49] 32 30|33 10| 33 50 


1 
35. -1/35.32)36) 2/36 32\37° 1137 29 
35.'0|35 32136. 3/36 34)37 .4|37 34 
3136, 35137,.:6| 3%. 37 
34. 55 | 35. 29136 ©2/36.35/37 8|37 40 
34.51/35 26/36 1136 35/37 8/37 41 
(34 47/35 23)35 58/36 34|)37 8|37 42 


—_ | | | | | | | Ss 6 | | 


—,_ | | -— | |)s |] | | | | | 
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: This Table shows the True Altitude of the Sun’s Centre at the instant it is 8 o’Clock in the Morning, or 4 
o’Clock in the Afternoon, Apparent Time, for more readily finding the Longitude by Chronometer. 


DECLINATION AN) LATITUDE OF DIFFERENT NAMES. 


] 
Tiats 0%; pdt eg) ae br ceanme | fh 11° | 49° 
Te]. | sea fer | eh eee obs. hb emia ; |e ¢ te. floors 
0/30 0/30 0}29 59]29 57429 55/29 52/29 49/29 45}29 41 30/29 24/29 17 
1/30 0/29 58/29 56) 29 53/29 50/29 46/29 42|29 36/29 31 29 10/29 2 
2/29 59/29 56|29 52/29 49/29 44/29 39/29 34/29 27] 29 20 5128 56/28 47 
3 {29 57/29 53/29 49/29 44/29 38/29 32|29 25/29 17/29 9 28 42/28 31 
4/29 55/29 50/29 44/29 38/29 31/29 24/29 161/29 7/28 58 28 27/28 15 
5/29 52/29 46/29 39/29 32/29 24/29 15/29 6/28 56/28 46]: 28 11/27 59 
6 {29 49/29 42/29 34/29 25/29 16/29 6/28 55/28 44/28 33 27 55/27 41 
7 {29 45/29 36/29 27/29 17/29 7/28 56/28 44/28 32/28 20 27 38/27 24 
8 129 41/29 31/29 20/29 9/28 58/28 46/28 33/28 20/28 6 Q7.81 187 1G 
9 {29 36/29 25/29 13/29 1/28 48/28 35/28 21/28 6|27 51 27 3/26 47 
10 | 29 30/29 18/29 5/28 51/28 38/28 23/28 8]27 53/27 37 26 45/26 27 | 
11 }29 24/29 10/28 56/28 42/28 27/28 11/27 55/27 38/27 21 26.27/26 8 
12 |29 17/29 2/28 47|28 31/28 15/27 59/27 41/27 24/27 5 26 8/25 48 
13/29 9/28 54/28 37/28 21/28 3/27 45/27 27/27 8/26 49 25 48725 27 
114/29 1/28 45/28 27/28 9|27 51/27 32/27 12/26 53/26 32 2528/25 6 
115 (28 53/28 35/28 16/27 57/27 38/27 18/26 57/26 36/26 15 25 8/24 45 
16 |28 44/28 24/28 5/27 45/27 24/27 3/26 41/26 19/25 57 24 47/24 23 
117 |28 34/28 14/27 53127 32/27 10] 26 48/26 25/26 2/25 39 2496/24 1 
18 |28 24/28 2/27 40/27 18|26 55/26 32/26 9/25 45/25 20 24 4/23 38 
19 |28 13|27 50/27 28|27 4/26 40/26 16/25 51/25 26/25 1 23 42/23 15 
20 }28 1/27 38/27 14/26 50/26 25/26 0/25 34/25 8|24 41 23 19/22 52 
121 |27 50/27 25/27 0/26 35/26 9/25 42/25 16/24 49/24 21 22 57/22 28 
| 22 |27 37/27 12/26 46/26 19/25 52/25 25/24 57/24 29/24 1 22 33/22 4 
23 |27 24/296 58/26 31/26 3/25 35/25 7|24 38/24 9|23 40 22 10/21 39 
| 24127 11/26 43/26 15/25 47/25 18|24 49/24 19/23 49/93 19 21 46/21 14 
125 |26 57/26 28/25 59/25 30/25 0/24 30/23 59/23 28/22 57 21 53/21 21/20 49 
126 |26 42/26 13/25 43/25 12/24 41/24 10/23 39/23 7/22 35 20 57/20 24 
[27 |26 27/25 57/25 26/24 54/24 23/23 51/23 18|22 46) 22 13 20 32119 58 
28 | 26 12/25 40/25 8/24 36/24 3/23 30/22 57|22 24/21 50 20 6/19 32 
} 29 |25 56/25 23/24 51/24 17/23 44/23 10/22 36/22 1/21 27 19 41,19 5 
130 [25 40/25 6/24 32/23 58/23 24/22 49/22 14/21 39/21 3 19 15|18 38 
/ 31 |25 23/24 48/24 13/23 39/23 3] 22 28|21 52/21 16/20 39 


132/25 5/24 30/23 55/23 19} 22 42)22 6/21 29/20 52/20 15 
33 | 24 48/24 12/23 35/22 58/22 21/21 44/21 6/20 29/19 51 


34 | 24 29/23 52/23 15/22 37/22 0/21 22)20 43] 20 5}19 26 | 17 28 16 49 
935 | 24 11/23 33] 22 55/22 16/21 38] 20 59|}20 20/19 40)19 1 1771 j86 20 | 
#36 | 23 52/23 13/22 34/21 55/21 15}20 36/19 56/19 16/18 35 16 33}15 52 4 


38 | 23 12/22 32) 21 51/21 11/20 30/19 48)19 7/18 2517 44 15 37/14 554 
p 39 | 22 52) 22 11/21 30) 20 48)20 6/19 24/18 42/18 0117 17 15 9/14 26 
40 | 22 31/21 50/21 7/20 25/19 43/19 0{18 17/17 34/16 51 14 41!13 57 


14 12)13 27 
42 {21 49/21 20 22/19 38)18 54/18 10)17 26}16 42/15 57 13 43|}12 58 
43 | 21 27} 20 43/19 59/19 14])18 30)17 45/17 0116 15/15 30 13 14/12 28 
44/21 5/20 20/19 35/18 50)18 5/17 19/16 34)15 48/15 2 12 44)11 58 
945 |20 42/19 57/19 11/18 26/17 40)16 54/16 7)15 21/14 35 12 15/11 28 
46 |}20 19}19 33}18 47/18 1/17 14/16 27/15 41/14 54/14 7 11 45/10 58 
47 }19 56/19 10)18 23/17 36/16 48/16 1/15 14)14 26,13 39 11 15/10 27 
48 }19 33)18 45/17 58/17 10/16 22/15 35/14 47)13 59/13 10 10.45) 9 57 
49 {19 9/18 21/17 33/16 45/15 56)15 8/14 19)13 31|12 42 10 15| 9 26 
50 {18 45117 56)17 8/16 19|15 30/14 41/13 52)13 2/12 13 34| 9 45| 8 55 
51/18 20/17 31}16 42/15 53/15 3/14 14/13 24}12 34/11 44 4| 9 14} 8 24 
52 117 56/17 6/16 16)15 26)14 36/13 46/12 56/12 6/11 15 34| 8 44] 7 53 
53 117 31/16 41/15 50/15 0/14 9/13 18/12 28/11 37/10 46 4{ 8 13] 7 22 
54/17 5/16 15/15 24/14 33)13 42/12 51/11 59|11 8{|10 17 34} 7 42] 6 51 
55 [16 40/15 49|14 57/14 6/13 14)12 22)11 31/10 39} 9 47 7 12] 6 36 
56 [16 14115 22}14 30/13 38/12 46111 54;11 2/10 10 18 6 41} 5 4 
57 115 48/14 56/14 3/13 11)12 18/11 26/10 33; 9 41] 8 48 6 9; 51 
58 | 15 22/14 29/13 36)12 43}11 50/10 57};10 4] 9 11] 8 18 5 38} 4 45 
59/14 55114 2/13 9/12 15/11 22;10 29) 9 35| 8 42] 7 48 B74 | 4 oe 
60 114 29113 35|12 41/11 47/10 54/10 0O| 9 6] 8 12] 7 18 4 36| 3 42 


TABLE A.—Parrt II. 951 


This Table shows the True Altitude of the Sun’s Centre at the instant it is 8 o’Clock in the Morning, or 4 | 
o’Clock in the Afternoon, Apparent Time, for more readily finding the Longitude by Chronometer. 


DECLINATION AND LATITUDE OF DIFFERENT NAMES. 


ff fm | ma | a | | a | 


99 9/29 11/28 53|28 44] 28 34|28 24128 13/28 1127 50/27 37 
98 54128 45128 35128 24)28 14);28 2/27 50/27 38)27 25)27 12 


me whDS KS © 


Se 42 Sees 2 | |e Oe EE 


15 (24 21123 57/23 331/23 8/22 43) 22 17)21 52/21 26)20 59/20 32 
16 |23 58/23 33/23 8/22 42/22 16] 21 50/21 23/20 56/20 29)20 1 
17 |23 35/23 9/22 43/22 16/21 50| 21 22/20 55/20 27/19 59]19 30 
18 |23 12/22 15/22 17/21 50] 21 22) 20 54/20 26/19 57)19 28)18 58 
19 |22 48/22 20/21 52/21 23)20 55] 20 26/19 56/19 27/18 57/18 27 


90 |22 23/21 55\21 26)20 56/20 27/19 57|i9 27/18 56)18 26/17 55 
91 |21 59/21 29/20 59/20 29/19 59/19 28/18 57|18 26/17 54)17 22 
292 121 33/21 3/20 32/20 1/19 30/18 58,18 27)17 55|17 22/16 50 
93 121 8/20 37/20 5/19 33}19 1/18 29/17 56/17 23)16 50)16 17 
17 26}16 52/}16 1815 44 


eee | nS | eas | nee | —ee—eeceen | AS | SER 


18 37/18 
96 119 50/19 16/18 42/18 8/17 33}16 58|16 23/15 48/15 13/14 37 
97 119 23/18 49/18 14/17 39/17 3/16 28|)15 52)15 16,14 40)14 4 
98 118 56/18 211/17 451/17 9/16 33/15 57/15 21/14 44)14 7/13 30 
99 |18 29/17 531/17 16/16 40}16 3/15 26/14 49)14 11/13 34}12 56 


30 |18 2/117 25/16 47/16 10/15 32/14 55/14 17}13 39/13 0/12 22 
31 |17 34/16 56\/16 18)15 40/15 2/14 23/13 45/13 6/12 27)11 48 
32 117 6/16 27\15 49/15 10/14 31/13 51)}13 12/12 33)11 53/11 13 
33. 116 37/15 58/15 19/14 39]13 59/13 20/12 40/12 0/11 19] 10 

34 116 9/15 29/14 49/14 9/13 28|12 48)12 7)11 26}10 45)10 4) 9 


35. 115 40/14 59/14 19/13 38/12 57/12 15|11 34/10 53/10 11} 9 29) 8 
36 115 11/14 30/13 48/13 7112 25|11 43/11 11)10 19] 9 37] 8 55| 8 
37 114 421/14 0/13 18/12 35]11 53/11 10/10 28] 9 45; 9 2| 8 20 7 
38 |14 12/13 30/12 47/12 4]/11 21/10 38] 9 55| 9 11] 8 28) 7 44 7 
39 113 43/12 59/12 16/11 32/10 49/10 5| 9 21| 8 37| 7 53| 7 9] 6 
40 113 13/12 29/11 45/11 1/10 16] 9 32| 8 48] 8 3| 7 19] 6 34} 5 5 5 
41 |12 43/11 58/11 14/10 29| 9 44| 8 59] 8 14| 7 29| 6 44) 5 59 5 4 28 
42 112 13/11 28/10 42] 9 57] 9 11| 8 26] 7 40] 6 55| 6 9} 5 23 4 3 52 
43 |11 42\/10 57/10 11] 9 25] 8 39! 7 53| 7 6] 6 20| 5 34] 4 48 4 3 15 
44 |11 12110 25] 9 39| 8 52| 8 6| 7 19] 6 32] 5 46) 4 59} 4 12 3 2 38 
45.110 41| 9 54| 9 7| 8 20| 7 33| 6 46] 5 58] 5 11] 4 24] 3 36) 2 2.2 
46110 10| 9 23| 8 35|-7 48| 7 0| 6 12| 5 24) 4.87] 3 49) 3 1] 2 1 25 
47 9 39| 8 51| 8 3| 7 15| 6 27| 5 39| 4 50] 4 2} 3 14) 2 25) 1 0 48 
48 9 8| 8 20| 7 31| 6 42| 5 54| 5 5| 4 16] 3 27] 2 38} 1 49; 1 0 12 
49 8 37| 7 48| 6 59| 610] 5 20] 4 31] 3 42] 2 52} 2 3] 1 14) 0 
3 1 0 
0 0 
0 


2) ee a ee a) anita meee aecnel eesneceen Ree ae a 


5 + 5 AS oeas) 250) Dk O15 
4 4 3 11] 218] 1 26| 0 33 

4 3 2 38| 1 45| 0 52 

3 2 $ 5} 112] 019 

3 2 1 32} 0 39 

2 1 1. 0:$20.6 
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For epi the proportion of Altitude for Miles of Latitude and Declination, to be applied to the 


eeprone jai from “sega A. 


“ee 9 DIFFERENCE OF » ALTITUDE FOR 1° OF LATITUDE OR DECLINATION. 
Lat aan 
or , 99’ : / | 9Q/ | / i , ad t 
Decii| 29 wes et | | al 43 45 47 49 5] 53 55 
, 1 ae ‘ | , , / , / , 7 P 
1| 0.5 0.6) ° 0:74 0:75 00.7) 6.84 :0-8 1 [o.8+ 10:94 ofoe DD 
21 1.0 Vo We rede |? F404 ee | et tee Late: ae 
77 ¥.3 1.9) 29:0 | 231 | -222 | 2.3]-S4 | [a5] Re | ele BR 
4’ 1.9 2.517 226 1° OFT ) o¥o | 3.0 |-) sea | Poe] sta) ine 
5 | 2.4 3.1] 3:3 | 3/4} 3:6] 3.8] .3.9| 4.1] 4°38 | 4.4 | 4.6 
6 | 2.9 B27) 0 Seo]: Air 4y3"| ava) 407 | aod 1+ bleed Bee 
71 3.4 3h Paee6 b Eis je Ss0 | 653 16 5.) er) RO!) leveled 
8 | 3.9 4.9 |) See 1t 5.5 e871) 670 | 663s Cats | (eva | oa le 
9] 4.4 5.6| 5:9] 6.2|:6.5°| 6.8] 7.11 7.4] 7-71 820] 8:3 
10] 4.8 6.2|° 6-5 | 6.8] 7.2| 7.5] 7.8] 8.9] 8.6| 8/8 | 9.2 
11 | 5.3 6.81: RIG: Fis |i Flve"| 833-1 sle4 ocod 9-44 907. 410M 
121 5.8 7.41! F813 8:2 |; 8Y6 | 9-0 1) 9:4} 928] 1022 | lOve 11190 
ix 6.3 B.0)° Sissi 8:9 13-8:3 | 978 | 1620 | toc)e | a1 | 1 Fs 11189 
14] 6.8 8.6] 9.1] 9.6 |/:10.0 | 10.5 | 11.0} 11.4 | 11.9 | 12.4 112.8 
1571..7..3 8.3 9.3] 9:8 | 10:3 |'10.8 | 11.3 | 11.8] 129.3 | 12.8 | 13.3 [13.8 
SelB: 9.9| 10.4] 10.9 | 11.5 | 12.0] 12.5 | 13.1 | 13.6 | 14.1 114.7 | 
17 | 8.2 10.5| 11:1 | 11.6 | 12.2 | 12.8 .3 | 13.9 | 14.5 | 15.0 |15.6 
Sa Ae 11.1] 31-57 1519.3 {112.9 | 13.5 -1 | 14.7 | 15.3 | 15-9 |16.5 
19 | 9.2 11.7] 12.4 |:13.0 | 13.6 | 14.3 9 | 15.5 | 16.2 | 16.8 |17-4 § 
20 |.9.7 12.3| 13.0 |-13.7 | 14.3 | 15.0 71 16:3} 17.0 | 17.7 11883 J 
91 |10.2 13.0| 138.7 | 14.4 | 15.1 | 15.8 | 16.5 .2| 17.9 | 18.6 119.3 f 
22 |10.6 13-6] 14.3 | 15.0 | 15.8 | 16.5 2 .0 | 18.7 | 19.4 |20.2 
23 }11.1 14.2 |:15.0 | 15.7 [16.5 | 17-3 .0 .8| 19.6 | 20.3 |21.1 
94 111.6 14.8| 15.6 | 16.4 | 17.2 | 18.0 .8 .6 | 20.4 | 21.2 |22.0 | 
95 112.1 -8{14.6115.4| 16.3 |17.1 |'17.9 | 18.8 6 -4 | 21.8 | 22.1 [22.9 | 
96 112.6 16.0] 16.9 | 17.8 | 18.6 |: 19:5 4 9 | 22.1 | 23.0 123.8 J 
27°113.1 16.7] 17.6 | 18.5 | 19.4 | 20.3 2 1 | 23.0 | 23.9 |24.8 4 
98 | 13 17.3].18:2 |:19.1 |'20:1 | 21.0 9 9 | 23.8 | 24.7 125.7 
29 | 14. 17.9] 18.9 | 19.8 | 20.8 | 21:8 27 7 | 24.7 | 25.6 /26.6 y 
30 |14.: 18.5! 19.5 | 20.6 | 21.5 | 22:5 5 5 | 25.5 | 26.5 |27.5 3 
31 115.0 19.1} 20.2 | 21.2 | 22.2 | 23.3 3| 26.4 | 27.4 [28.4 | 
32°|15.: 19.7] 20.8 | 21.9 | 22.9 | 24.0 1 | 27.2 | 28.3 |29.3 | 
33 | 16.0 Q.4| 21.5 | 22.6 | 23.7 | 24.8 0 | 28.1 | 29.2 |30.3 
34 116.4 91.01. 29.1 1 23.2 |: 24.4 | 25.5 8 | 28.9 | 30.0 131.2 } 
35 | 16.9 21.6| 22.8 | 23:9 |:-25.1 | 26.3 6 | 29.8 | 30.9 |32.1 § 
36 | 17.- 93.2) 23:4" | 24:6 | 25.8 | 27.0 9.4 | 30.6 | 31.8 |33.0 
37 117.9 2.8|'24.1 | 25.3°| 26.5 | 27.8 30.2 | 31.5 | 32.7 (33.9 
38 | 18.4 3.4] 24:7 | 26.0 | 27.2 | 28.5 31.0 | 32.3 | 33.6 134.8 
39 | 18.9 4.1}; 25.4 | 26.7 | 28.0 | 29.3 31:9 | 33.2 | 34.5 135.8 | 
40} 19.3 4.7| 26.0 | 27.3 | 28.7 | 30.0 7 | 34:0 | 35.3 [36.7 | 
41 | 19.8 25.3| 26.7 | 28.0 |°29.4 | 30.8 33.5 | 34.9 | 36.2 [37.6 
42°| 20.3 5.9 |'27:3 | 28.7 |'30.4 | 31.5 9443 (98607 |13891 (28ep 
43 | 20.8 5.1/26/5| 28.0 | 29.4 | 30.8 | 32.8 35.1 | 36.6 | 38.0 |39.4 
44°} 21.3 /22.7 (24.2) 95.71 97711: 28.6 |°30:1 | 39.6 |.3370 36:9 |37.4 | 38.9 |40.3 | 
45 |21.8123.3/24.8|26.3|97.8] 29.3 | 30.8 | 32.3 | 33.8 .3 | 36.8 | 38.3 | 39.8 [41.3 
46 | 22.2/23.8|25.3/26.8/28/4| 29.9 | 31.4 | 33.0 | 34.5 37.6 | 39.1 | 40.6 142.2 
47°} 29.7} 24.3} 25.9|27.4| 29-0] 30.6 |' 32.1 | 33.7 | 35:3 38.4 | 40.0 | 41.5 |43.1 
48 | 23.2/24.8] 26.4] 28.0/ 29.6] 31.2 | 32.8 | 34.4 | 36.0 39.2 | 40.8 | 42.4 |44.0 
49° | 23.7/25.3|27.0/28.6130:2/ 31.9 | 33.5 | 35.1 | 36.8 40.0 | 41.7 | 43.3 |44.9 
50 | 24.2/25.8/27.5/ 29.2) 30-81 32.5 | 34-2 | 35.8 | 37.5 40.8 | 42.5 | 44.2 |45.8 
51 | 24.7| 26.4] 28.1/29.8]31.5| 33.2 | 34.9 | 36.6 | 38.3 41.7 |-43.4 | 45.1 146.8 
52 | 25.1| 26.9] 28.6] 30.3] 32:1| 33.8 | 35.5 | 37.3 | 39.0 42.5 | 44.2 | 45.9 |47.7 
53°|25.6|27.4/29.2130.9|32.7| 34.5 | 36.2 | 38.0 | 39.8 43.3 | 45.1 | 46.8 [48.6 
54 |26.1/27.9/29.7/31.5/33.5| 35.1 | 36.9 | 38.7 | 40.5 44.1 | 45.9 | 47.7 [49.5 
} 55 | 26.6] 28.4/ 30.3] 32.1) 33.9] 35.8 | 376 | 39.4 | 41.2 44.9 | 46.8 | 48.6 |50.4_ 
1$6 |27.1|28.9|30.8|32.7|34.5| 36.4 | 38.3 | 40.1 | 42.0 45.7 | 47.6 | 49.5 (51.3 
57 |27.6129.5]/31.4/33.3/35:2| 37.1 | 39.0 | 40.9 | 42.8 46.6 | 48.5 | 50.4 |52.3 
58° | 28.0|30.0] 31.9] 33.8|35:8| 37.7 | 39.6 | 41.6 | 43.5 47.4 | 49.3 | 51.2 |53.2 
59 128.5'30.5|32.5|34.4/36.4| 38.4 | 40.3 | 42.3 | 44.3 48.2 | 50.2 | 52.1 154.1 
41.0 | 43.0 | 45.0 49.0 | 61.0 | 53.0 |55.0 
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254 TABLE C.—Firsr Part, 


The Time (in seconds and hundredth parts of seconds) corresponding to a change of the Sun’s Altitude of 
1 mile, at 8 o'clock, A. M., or 4 o’clock, P. M., and which may be assumed the same for 20 minutes; 
that is, 10 minutes either before or after 8, A. M., or 4, P. M. (See Remark at bottom of page 247-) 


DECLINATION AND LATITUDE OF THE SAME NAME. 
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TABLE C.—Szconp Parr. 255 
The Time (in seconds and hundredth parts of seconds) corresponding to a change of the Sun’s Altitude of 


1 mile, at 8 o’clock, A. M., or 4 o’clock, P. M., and which may be assumed the same for 20 minutes; 
that is, 10 minutes either before or after 8, A. M., or 4, P. M. (See Remark at bottom of page 247). 
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4 26 32 38 45 54 -59 
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